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Heterocyclic Ether Substituted Imidazoquinolines 

Field of the Inventton 

This invention relates to imidazoquinoline compounds that have ether and 
heterocycle or heteroaryl functionality at ^e 1-position, and to pharmaceutical 
compositions containing such compounds. A further aspect of this invention relates to the 
use of these compounds as immunomodulators, for inducing cytokine biosynthesis in 
animafs, and in the treatment of diseases, including viral and neoplastic diseases. 

Backgronnd of the Invention 

The first reUable report on tilie l/f-unidazo[4,5-c]quinoline ring system, Backman 
ct al.. J. Org. Chem. 15, 1278-1284 (1950) describes the synthesis of l-(6-methoxy-8- 
quinolinyl>-2-methyl-l^-imidazo[4,5-c]quinoline for possible use as an antimalarial 
agent Subsequently, syntheses of various substituted li/-imida2o[4,5-c] quinolines were 
reported. For example, Jain ct al., J. Med. Chem. 1 1, pp. 87-92 (1968), synthesized the 
compound l«-[2-(4-pipcridyl)ctiiyl]-l/f-imida2o[4,5-c]quinoline as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al., Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoiniidazo[4,5-c]quinolines, and Berenyi et al., L 
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5- 
c]quinoIines. 

Certain li/-imidazo[4,5-c]quinolin-4-amine8 and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter oJxa, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268^76; 5,346,905; and 5,389,640, all of which are 
incorporated herein by reference. 

There continues to be interest in Ihe imidazoquinoline ring system. Certain IH- 
hnidazo[4,5-c] n8ph%iidin6-4-amines, IH-imidazo [4,5-c] pyridm-4-ainines, and IH- 
imidazo[4,5-c] qttinoliii-4-amines having an e&ax containing substituent at the 1 position 
are known. Tbese are described in U^. Patent Nos. 5,268^76; 5,389,640; 5,494,916; and 
WO 99/29693. 
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There is a continuing need for compounds that have the ability to modulate Ae 
immune response, by induction of cytokine biosynthesis or other mechanisms. 

Summary of the Invention 

5 We have found a new class of compounds that are useful in inducing cytokine 

biosynthesis in animals. Accordingly, this invention provides imida2o[4, 5-c]quinoline-4- 
amine and tetiahydroimidazo[4, 5-c]quinoline-4-aniine compounds that have an ether 
containing substituent at the 1 -position. The compounds are described by Foimulas (I), 
(II), (HI) and (IV), which are defined in more detail infra. These compounds share the 

10 general structural formula 




wherein X. Ri, R2, and R are as defined herein for each class of compounds having 
15 Formulas (I), (II), (m) and (IV). 

The compounds of Formulas (I), (H), (HI), and (IV) are useful as immune 
response modifiers due to their ability to induce cytokine biosynthesis and otherwise 
modulate the immune response when administered to animals. This makes the compounds 
useful in the treatment of a variety of conditions such as viral diseases and tumors that are 
20 responsive to such changes in the immune response. 

The invention further provides pharmaceutical compositions containing the 
immune response modifying compounds, and methods of inducing cytokine biosynthesis 
in an animal, treating a viral infection in an animal, and/or treating a neoplastic disease in 
. an animal by adininiatcring a compound ofForaauto(0,(n). (in), or (I^ 
25 In addition, the invention provides methods of syntiiesizmg the compounds of the 

invention and intermediates useful in tiie synthesis of tiiese compounds. 
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Detafled Description f the Invention 

As mentioned earlier, we have found certain compounds that mcuce cytokine 
biosynthesis and modify the immune response in animals. Such compounds are 
represented by Formulas (I), (II), (HI), and (IV), as shown below. 

ImidazoquinoHne compounds of the mvention, which have ether and heterocyclyl 
or heteroaiyl functionahty at the 1 -position are represented by Formula Q): 




X-O-Ri 



10 

wherein: X is -CHR3-, -CHRs-alkyl-, or -CHRs-alkenyl-; 
Ri is selected from ttie group consisting of: 
-heteroaiyl; 
-heterocyclyl; 
15 heteroaryl; and 

-lU-heterocyclyl; 
R2 is selected from the group consisting of. 
-hydrogen; 
-aDcyl; 

20 -alkenyl; 

-aiyU 

-heteroaryl; 
-heterocyclyl; 
-aDcyl-Y-alkyl; 
25 -alkyl-Y-alkcnyl; 

-alkyl-Y-aryl; and 

- aDcyl or alkenyl substituted by one or more substitucnts selected 
from the groi^ consisting o£ 
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-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-Cuio alkyl; 

-CO-O-Cuio alkyl; 

-N3; 

-aryl; 

-heteroaiyl; 

10 -heterocyclyl; 

-COaryl; and 
*CO-heteioaiyl; 

R4 is alkyl or alkenyl, which may be inteinipted by one or more -O- 
15 groups; 

each R3 is independently H or Ci.io alkyl; 
each Y is independently -O- or -S(0)(w-; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
20 alkyU Cmo alkoxy, hydroxy, halogen and trifluoiomethyl; 

or a phaimaceutically acceptable salt thereof. 

The invention also provides imidazoquinoline compounds that contain cfbsr 
functionality at die 1 -position, where the ether containing substituent also contains an 
25 alkynyl group and a heterocyclyl or heteroaiyl group. These compounds arc represented 
by Formula (n): 
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x-o— 



(CKyi-io — C=C — Rio 



5 wherein: X is -CHR3-, -CHRa-alky]-, or -CHRa-alkenyls 

Rio is selected from the ffovip consisdng of heteroaryl and heteiocyclyl; 
R2 is selected from the gmup consisting of: 
-hydrogen; 
-alkyl; 

10 -alkenyl; 

-aiyl; 

-heteroaryl; 
-heterocyclyl; 
-aUqrl^Y-alkyl; 
15 -alkyrl-Y- alkenyl; 

-alkyl-Y-aryl; and 

-alkyl or alkenyl substituted by one or more subsdtuents selected 
from the group consisting of: 
-OH; 

20 -halogen; 

-CO-Cwo alkyl; 
-CO-O-Cmo alkyl; 
25 -Nj; 

-arjd; 

-heteroaryl; 
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-beterocyclyl; 
-CO-aiyl; and 
^ -CO-hetcroaiyl; 
n is 0 to 4; 

5 each R3 is independently H or Cmo aDcyl; 

each Y is independently -O- or -S(0)o.2-; and 

each R present is independently selected torn the group consisting of Cmo 
alkyl, Cmo alkoxy, hydroxy, halogen and tiifluoiomethyl; 
or a phaimaceutically acceptable salt thereof. 

10 

The invention also includes tetrahydroimidazoquinoline compounds that bear an 
ether and heterocyclyl or heteroaiyl containing substituent at the 1-position. Such 
tetrahydroimidazoquinoline compounds are represented by Formula (III): 




15 

m 

wherein: X is -CHR3-, -CHRj-alkyl-, or -CHRa-alkenyl-; 
Ri is selected from tfie group consisting o£ 
-heteroar^; 
20 -heterocyclyl; 

-R4- heteroaiyl; and 
-R4-heterocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
25 -alkyl; 

-alkeny); 
-aiyl; 
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-heteioaxyl; 
-hcterocyclyi; 
-alkyl-Y-alkyl; 
-alkyl-Y- alkenyl; 
5 -aUcyl-Y-aryi; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-CO-Ci-io alkyl; 
-CO-O-Ci-ioallQrl; 
-N3; 

15 -aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-hetezoaiyl; 

20 R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 

groups; 

each R3 is independently H or Ci-io alkyl; 
each Y is independently -O- or -S(0)<K.r ; 
D is 0 to 4; and 

25 each R present is independently selected firom the group consisting of Cmq 

alkyl, Cmo alkoxy, hydroxy, halogen and triflaorometfiyl; 
or a phaimaceutically acceptable salt tfaereofl 
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An additiooal class of immune response modifying compomids of the invention axe 
tetrahydroimidazoquinoline compounds that have an ether containing substituent at the I- 
position, where the ether containing substituent also contains an alkynyl group and a 
heterocyclyl or heteroaryl group. These compounds arc represented by Formula (TV): 




wherein: X is -CHR3-, -CHRs-alkyl-, or -<3IR3-alkeuyls 

Rio is selected from the group consisting of heteroaryl and heterocyclyl; 
Ri is selected from the group consistinj^ of: 

-faydiog^ 

-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y- alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cuo alkyl; 

-CO-0-C|.ioaDorl; 
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-N3; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 

5 -CO-aryl; and 

-COheteroaiyl; 
each R3 is independently H or Cm© alkyl; 
each Y is independent -O- or -S(0)o-2S 
n is 0 to 4; and 

10 each R present is independently selected firom die group consisting of Cmo 

alkyU C|.io aDcoxy, hydroxy, halogen and tiifluoromethyl; 
or a phannaceutically acceptable salt dieieof. 

Preparation of the Compounds 

1 5 Compounds of the invention can be prepared according to Reaction Scheme I 

where R, R2, X and n are as defined above and Rn is alkyl substituted by a hcteroaryl 
group wherein the heteroaiyl group may be unsubstituted or may be substituted as defined 
infra or Rn is substituted heteroaiyl as defined infra with the proviso that if Rn is 
substituted heteroaiyl at least one substituent is a strong electron withdrawing group 

20 located orrAoQr/7ara to the ether bond. 

In Reaction Scheme I a 4-ainino-l^-iinidazo[4,5-c]quinolin-l-yl alcohol of 
Formula X is alkylated with a halide of Formula XI to provide a li/-imidazo[4,5- 
c]quinolin-4-amine of Formula XII which is a subgenus of Formula I. The alcohol of 
Formula X is reacted with sodium hydride in a suitable solvent such as N 

25 dimethyifonnamide to form an alkoxide. The halide is then added to the reaction mixture. 
The reaction can be carried out at ambient temperature or with gentle heating (-^SOXI) If 
desired. The product or a phannaceutically acceptable salt thereof can be isolated using 
conventional methods. 

Many compounds of Formula X are known, see for example Gerster, U.S, Patent 

30 No. 4,689,338 and Gerstor et al., U.S. Patent No. 5,605,899, the disclosures of which are 
incorporated by reference herein; others can readily be prepared using known syndietic 
routes, see for example, Andre et al, U.S. Patent No. 5,578,727; Gerster, U.S. Patent No. 
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5.175^96; Nikolaides et al.. U.S. Patent No. 5^95,937; and Geister et al., U.S. Patent No. 
5,741,908, the disclosures of wlijch are incorporated by reference herein. Many halides of 
Fonnula XI are commercidly available; otfiers can be readily prepared using known 
synthetic methods. 

5 

Reaction Scheme I 




XI XII R^^ 



10 Compounds of the mvention can also be pr^)ared according to Reaction Scheme n 

where R, Ra, Rii, X and n are as defined above. 

In step (1) of Reaction Scheme II the hydroxy group of a lff-imidazo[4,5- 
c]quinolm-l-yl alcohol of Fonnula Xffl is protected with a benzyl group. The alcohol of 
Formula XIII is reacted with sodium hydride m a suitable solvent such as N J^- 

1 5 dimethylforaiamidc to form an alkoxidc. The alkoxide is then alkylated with benzyl 
bromide to provide a compound of Formula XIV. The reaction can be carried out at 
ambient temperature. Many compounds of Formula Xm are known, see for example. 
Gcrstcr, U.S. Patent 4,689^38; others can readily be prepared usmg known synflietic 
routes, see for example, Gerster et al., U.S. Patent No. 5.605,899 and Gerster, U.S. Patent 

20 No. 5,175,296. 

In step (2) of Reaction Scheme n a compound of Formula XIV is oxidized to 
provide a l^.iniidazo[4,5-c]quinolinc-5N-oxide of Formula XV usmg a conventional 
oxidizing agent capable of forming N-oxides . Preferably a solution of a compound of 
Formula XIV in a suitable solvent such as chloroform or dichloromcthane is oxidized 

25 using 3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme fl a l/f-imidazo[4,5-c]quinolihe-5N-oxide of 
Formula XV is chlorinated to provide a 4-chloro-lif-imidazo[4,5-c]q[uinoline of Formula 
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10 



XVL Preferably a solution of a compound of Formula XV in a suitable solvent such as 
toluene fe treated with phosphorous oxychloride at ambient temperature. 

In step (4) of Reaction Scheme H a 4-chloio-l/f-imidazo[4^-c]quinoline of 
Formula XVI is reacted with phenol to provide a 4-phenoxy-lH-imidazoI4,5-c]quinoline 
of Formula XVH. The phenol is reacted with^um hydride in a suitable solvent such as 
diglyme to form a phenoxide. The phenoxide is flien reacted at an elevated tempetatuiB 
wifli a con^oimd of Formula XVL 

In step (5) of Reaction Scheme H the benzyl protecting group is removed fiom a 
compound of Formula XVH to provide a 4-phcn0xy-lH-imida2oI4^-c]quiiK)lin-l-yl 
alcohol of Formula XVffl. The reaction is preferably carried out by adding triflic acid in a 
controUed fashion to a sohition of a compound of Formula XVH m a suitable solvent such 
as dichlotomefhane at ambient temperature. 

In step (6) of Reaction Scheme H a 4-phenoxy-lJf-imida2o[4,5-clquinolin-l-yl 
alcohol of Formula XVm is alkylated wifli halide Hal-R„ to pr9vide a 4-phenoxy- ll/- 
15 imidazo(4^-clquinolin-l-yl ether of Formula XK. The alkoxide of a compomid of 
Formula XVm is formed by addmg the alcohol to a biphasic mixture of aqueous 50% 
sodium hydroxide and an inert solvent such as dicUoromethane m the presence of a phase 
tnmsfer catalyst such as benzyltrimethlammonium chloride. The alkoxide is then 
alkylated. The reaction can be carried out at ambient tcmpetatnie. 
20 hi step (7) of Reaction Scheme H a 4-phenoxy-lH-imidazol4,5-c]quinolin-l-yl 

ether of Formula XK is aminated to provide a l/f-imidazo[4.5^Jquinolin^amine of 
Formula Xn which is a subgenus of Formula I. The reaction canbe carried out by 
combining a compound of Formula XIX with ammonhmi acetate and heating the resuhmg 
mixture at ~1 5(W:. The product or a pharmaceutically acceptable salt thereof can be 
25 isolated using conventional metiiods. . 
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Reaction Scheme n 




5 Tctrahydroiinidazoquinoliiies of the invention can be prepared according to 

Reaction Scheme m where R, Ri, Ri u X and n are as defined above. 

In Reaction Scheme ffl a 4-amino-6J,8,9-tetrahydio-lH-imidazo[4,5-c]quinolin-l- 
yl alcohol of Fonmila XX is alkylated with a halide of Foramla XI to provide a 6,7,8,9- 
tctrahydro-l^-imidazo[4,5-c]quinolm-4-amine of Fonnula XXI which is a subgenus of 

12 
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Foimula m. The alcohol of Fonnula XX is reacted with sodium hydride in a suitable 
solvent such as N,N-dimethylfonnamide to fonn an aflcoxide. The alkoxide is then 
combined with the halide. The reaction can be earned out at ambient temperature. The 
product or a pharmaceutically acceptable salt thereof can be isolated using conventional 
5 methods. 

Many tetrahydro-l//-imidazo[4,5-c]quinolines of Formula XX are known, see for 
example. Nikolaides et al., U.S. Patent No. 5,352,784; others can be prepared using known 
synthetic methods, see for example, lindstrom, U.S. Patent No. 5,693,811; the disclosures 
of which are incorporated by reference herein. 

10 

Reaction Scheme III 




15 Compounds of the invention can be prepared according to Reaction Scheme IV 

where R, R2, X and n are as defined above and R12 is a heteroaiyl group which may be 
unsubstituted or substituted as defined infra. 

In step (1) of Reaction Scheme IV a lfr-imidazo[4,5-clquinolin-l-yl alcohol of 
Formula Xm is alkylated with a haUde of Formula XXn to provide a lif-iniidazo[4^- 

20 c]quinolin.l-yl ether of Formula XXIIL The compound of Foimuhi Xm and the haKde of 
Formula XXn are conibined in abiphasic mixture of 50% aqueous sodium hydroxide and 
a suitable solvent such as dichloromethane in the presence of a phase transfer catalyst such 
as benzyltrimethylammonium chloride. The reaction can be run at ambient temperature. 
In step (2) of Reaction Scheme IV a llf-imidazo[4,5H:]quinoline of Formula XXBtt 

25 is oxidized using Ac mediod of step (2) of Reaction Scheme H to provide a l/f- 
imida2o[4,5-c]quinoline-5N-oxide of Formula XXIV. 
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In Step (3) of Reaction Scheme IV a l/^imidazo[4,5-c]qumo!ine-5N-oxide of 
Fotmula XXIV is reacted with trichlofoacetyl isocyanate to provide a lir-imidazo[4,5- 
c]quinolin-4-yl acetamide of Formula XXV. Preferably tiie isocyanate is added in a 
controlled fashion at ambient temperature to a solution of the 5N-oxide in a suitable 
solvent such as dichloromethane. 

In step (4) of Reaction Scheme IV a l//-iniidazo[4,5-c]quinolin-4-yl acetamide of 
Formula XXV is hydiolyzed to provide a lif-imida2o[4,5-c]quinolin-4-amine of Formula 
XXVI. The hydrolysis can be carried out by conventional methods preferably by treating 
a solution of a compound of Formula XXV in methanol with sodium methoxide. 

In step (5) of Reaction Scheme IV l//-imidazo[4,5-c]qninolin-4-amine of Formula 
XXVI is coupled with a haHde of formula Hal-Ri2 using a transition metal catalyst to 
provide a lH-iniida2o[4^]quinoli&4-amine of Formula XXVII which is a subgenus of 
Formula IL Preferably a compound of Formula XXVI is combined with the halide in the 
presence of copper (I) iodide, dichlon)bis(triphenylphosphine)palladium(II), and excess 
triethylamine in a suitable solvent such as N,N-dimethylfomiamide or acetonitrile. The 
reaction is preferably carried out at an elevated temperature {60-80'*Q. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional me^KxIs. 
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Reaction Scheme IV 




Con^unds of the mvention can be prepared according to Reaction Scheme V 
where R, R2, R12. X and n are as defined above and BOC is ^err-bntoxycazbonyl 
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In step (1) of Reaction Scheme V the amino group of a lH-imidazo[4^-c]quinolin- 
4-amine of Fonnula XXVI is protected with /erf-butoxycaibonyl groups. A compound of 
Fonnula XXVI is combined with di-rerf-butyl dicaibonate in a suitable^ solvent such as 
NJ4-dimethylfonnamide in the presence of 4-(dime1hylamino)pyndine and trietl^lamine. 

5 The reaction is carried out at an elevated temperature (80-8 5®C). 

In step (2) of Reaction Scheme V a protected l/f'-imidazo[4,5-c]quinoIin-4-amine 
of Formula XXVin is coupled with a halide of fonnula Hal-Rt2 using a transition metal 
catalyst to provide a protected lif-imidazo[4,5-c]quinolin-4-a]mne of Fonnula XXDC 
Preferably a compound of Formula XXVm is combined with the halide in the presence of 

10 copper (I) iodide, dichlorobi5(tr^henylphosphine]pal]adium(II), and excess tiiettiylainijiB 
in a suitable solvent such as N,N-dimethylformamide or acetonitrile. The reaction can be 
carried out at ambient temperature or at an elevated temperature (40-80*^). 

In step (3) of Reaction Scheme V the protecting groups are removed by hydrolysis 
under acidic conditions, to provide a l/f-iniidazo[4,5-c]quinolin-4-amine of Formula 

1 5 XXVn which is a subgenus of Formula II. Preferably a compound of Formula XXDC is 
treated with trifluoroacetic acid in a suitable solvent such as dichloromethane. The 
reaction can be run at ambient temperature or at a reduced temperature ((fC). The product 
or a phannaceutically acceptable salt hereof can be isolated using conventional methods. 
In step (4) of Reaction Scheme V the aQQrne bond of a protected l/f-imidazo[4^- 

20 c]quinolin-4'-amine of Formula XXDC is reduced to provide a protected l/f-imidazo[4,S- 
c]quinolin-4-amine of Formula XXX. Preferably, the reduction is carried out using a 
conventional heterogeneous hydrogcntation catalyst such as platinum oxide, platinum on 
carbon or palladium on carbon. The reaction can conveniently be carried out on a Parr 
apparatus in a suitable solvent such as methanol 

25 In step (5) of Reaction Scheme V the protecting groups of a compound of Formula 

XXX are removed in the same maimer as in step (3) to provide a l/f-imidazo[4,5- 
c]quinolin-4-aniine of Formula XXXI which is a subgenus of Formula I. The product or a 
pharmaceutically acceptable salt tfiezeof can be isolated using conventional mediods. 
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Reaction Scheme V 




^2 



Compounds of the invention can be prepared accoiding to Reaction Scheme VI 
5 where R, R2, R12, X and n are as defined above and CBZ is benzyloxycarbonyl. 

In step (1) of Reaction Scheme VI die ammo groi^ of a l^-tmidazo[4^ 
c]quinoltn-4-amme of Fcnmuk XXVI is protectBd with benzyloxycaibonyl groups. A 
compound of Foimnla XXVI is combined with dibenzyl dicarbonate in a suitable solvent 
such as N J»I-dimethylfonnamide. The reaction can be carried out at ambient tcn^rature 
10 or with mild heating {4(fC), 

In step (2) of Reaction Scheme VI a protected l/r-imidazo[4,5-c]quinolin-4-amine 
of Formula XXXEI is coupled with a halide of formula Hal-Rn using a transition metal 
catalyst to provide a protected l/r-imida2o[4,5-c]quinolin-4-amine of Formula XXXm. 
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Preferably a compound of Forauila XXXH is combined with tbe halide in tiie presence of 
copper (I) iodide, dichlorobis(triphenylphosphine)palladiiim(ll), and excess triethylamine 
in a suitable solvent such as N^l-dimethylformamide or acetonitrile. The reaction cin be 
carried out at ambient temperature or at an elevated temperature (40-80*^:). 
5 In step (3) of Reaction Scheme VI the protecting groups are removed by hydrolysis 

to provide a l//'-imidazo[4,5-c]quinolin-4-amine of Formula XXVn which is a subgenus 
of Formula H. Preferably a compound of Formula XXXOl is treated with sodium 
methoxide in a suitable solvent such as methanol. The reaction can be run at ambient 
temperature. The product or a phannaceutically acceptable salt thereof can be isolated 
10 using conventional mediods. 

In step (4) of Reaction Scheme VI the protectmg groups of a conqwund of 
Formula XXXffl are removed by hydrogenolysis and the alkyne bond is reduced to 
provide a lH-iinidazo[4,5-c]quinolin-4-amine of Formula XXXI which is a subgenus of 
Formula 1. Preferably, the hydrogenolysis/reduction is carried out using palladium 
1 5 hydroxide on carborL The reaction can conveniendy be carried out on a Parr apparatus m 
a suitable solvent such as methanol. The product or a pharmaccutically acceptable salt 
thereof can be isolated using conventional methods. 
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Reaction Scheme VI 




S Compounds of the invention can i}e prepared according to Reaction Scheme Vn 

where R, Ri, R2, X and n are as defined above. 

In step (1) of Reaitition $cheme Vn a 2,4-dicbloro-3-nitroquinoline of Fonnula 
XXXIV is reacted with an amine of Formula R1-O-X-NH2 to provide a 2-chloro-3- 
nitroquinolin-4-amine of Foimula XXXV. The reaction can be carried out by adding the 

10 amine to a solution of a compound of Fonnula XXXIV in a suitable solvent such as 
chlorofonn or dichloromethane and optionally heating. Many quinolines of Formula 
XXXIV are known or can be prepared using known syndetic methods (see for example^ 
Andre ct al., U.S. Patent No. 4,988,815 and lefisrences cited therein). 
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In Step (2) of Reaction Scheme Vn a 2-chloio-3-mtroquinolm-4-aniine of Fonnula 

XXXV is reduced to provide a 2-chIoroquinoline-3,4-diamine of Formula XXXVL 
Preferably, the reduction is carried out using a conventional heterogeneous hydrogenation 
catalyst such as platinum on caibon or palladium on caibon. The reaction can 

5 conveniently be carried out on a Pair apparatus in a suitable solvent.such as isopropyl 
alcohol or toluene. 

In step (3) of Reaction Scheme Vn a 2-chloroquinoline-3,4-diamine of Fonnula 

XXXVI is is reacted with a carboxylic acid or an equivalent hereof to provide a 4-chloro- 
lif-imidazo[4,5-c]quinoline of Fonnula XXXVn. Suitable equivalents to carboxylic acid 

10 include ortiioesteis, and 1,1-dialkoxyalkyl alkanoates. The caiboxylic acid or cqmvalent 
is selected such that it will provide the desired substituent in a compound of Fonnula 
XXXVn. For example, trietiiyl orthoformate will provide a compound where R2 is 
hydrogen and triethyl orthoacetate will provide a compound where R2 is mefliyl. The 
reaction can be run in the absence of solvent or in an inert solvent such as toluene. The 

15 reaction is run with sufficient heating to drive off any alcohol or water formed as a 

byproduct of the reactioiL Optionally a catalyst such as pyridine hydrochloride can be 
included. 

Alternatively, step (3) can be carried out by (0 reacting fbc diamine of Formula 
XXXVI witti an acyl halide of Fonnula RaC(0)a and fcen (n) cyclizing. In part (0 the 

20 acyl halide is added to a sohition of the diamine in an inert solvent such as acetonitrile, 
pyridine or dichloromethane. The reaction can be carried out at ambient temperature. In 
part (ii) the product of part (i) is heated m an alcoholic solvent in the presence of a base. 
Preferably the product of part (i) is rcfluxed in cthanol in the presence of an excess of 
trieAylamine or heated with methanolic ammonia. Alternatively, if step (i) has been run m 

25 pyridine, step (ii) can be cairied out by heating the reaction mixture after analysis indicates 
tibat step (i) is complete. 

In step (4) of Reaction Scheme VH a 4-chIoro-l»-imida2oI4,5-<:]quinoline of 
Fonnula XXXVII is aminated to provide a l/f-imidazo[4,5-c]quinolui-4-anmie of 
Fonnula L The reaction is carried out by heating (e.g.,125-175**Q a compound of 

30 Formula XXXVII under pressure in a sealed reactor in &e presence of a solution of 

ammonia in an alkanoL The product or a phannaceutically acceptable salt thereof can be 
isolated using conventional metiiods. 
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Reaction Scheme VII 




Compounds of the mvention can be prepared according to Reaction Scheme Vin 
where R,RhR2,Xandnaiea8 defined above. 

In Reaction Scheme Vm a l/f-imidazo[4,5-c]quinolin-4-amine of Formula 
XXXVm is alkylated with a halidc of Formula XXXDC to provide a li/-iinidazo[4,5- 
10 c]quinolin-4-amine of Formula L The compound of Formuk XXXVIII is reacted with 
sodium hydride in a suitable solvent such as N^-dimethylfoimamide. The haKde is then 
added to the reaction mixture. The reaction can be carried out at an elevated tenqyerature 
HOO°C). Alkylation occurs at ho± the N' and fbc lf nitrogens; however, die desired 1- 
isomer can be leadfly separated fiom the 3-isomer using convcntianal techniques such as 
1 5 column chromatogFapby and recrystallization. 

Many lfl'-imidazo[4,5-c]quinolm-4-amincs of Formula XXXVin are known; 
ofliers may be prepared using known synthetic me&ods, see for example, Geistcr, U.S. 
Patent No. 5,756,747 and the references cited therein. 
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Reaction Scheme Vm 




5 Compounds of the invention can be prepared according to Reaction Scheme DC 

where R, R| Rj, X and n are as defined above. 

In step (1) of Reaction Scheme DC a 4-nitrotetrazolo[l,5-a]quinolin-5-ol of 
Formula XL is chlorinated to provide a 5-chloro4-nitrotetra2olo[l,5-a]quinoline of 
Formula XLL Conventional chlorinating agents can be used. Preferably die reaction is 
1 0 carried out using phosphorus ojQrchloiide in a suitable solvent such as N J^- 

dimethylformamide. 4-Nitrotetrazolo[M-alquinolin-5-ols of Formula XL are known or 
can be prepared using known synthetic methods (see for example, Gcrst«, et al., U.S. 
Patent No, 5,741^8 and references cited tiiercin). 

In step (2) of Reaction Scheme DC a 5-chloro-4-mtrotetrazolo[l,5-a]quinolinc of 
15 Formula XLI is reacted with an amine of Formula R1-O-X-NH2 to provide a 4- 

mtrotetrazolo[l,5-a]quinolin-5-amine of Formula XLO. The reaction can be carried out by 
adding die amine to a solution of a compound of Formula XU in a suitable solvent such as 
dichloromethane in die presence of triediylamine. 

In step (3) of Reaction Scheme DC a 4-nitrotetnizolo[l>a]qumolin-5-amine of 
20 Formula XLH is reduced using Ae method of step (2) in Reaction Scheme VH to provide a 
tetrazolo[l,5-a]quinolin4,5^amine of Formula XLHI. 

In step (4 ) of Reaction Scheme DC a tetrazolo[l,5-a]quinolin-4,5-diamme of 
Formula XLffl is cyclized usmg Ae mediod of step (3) in Reaction Scheme Vn to provide 
a 6H'-imidazot4.5-c]tetrazolo[l^-fl]quinoline of Formula XUV. 
25 In step (5) of Reaction Scheme DC a 6H-imidazo[4,5-c]tetrazolo[l,5-fl]quinoline of 

Formula XLIV is reduced to provide a lH-iniidazo[4^-c]quinolin- 4-amine of Formula L 
Step (5) involves (0 reacting a compound of Formula XLIV wifli triphenylphosphine and 
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then (ii) hydrolyzing. Part (i) can be carried out by combining a compound of Fonnula 
XLIV with triphenylphosphine in a suitable solvent such as 1^-dichloiobenzene and 
heating. Part (ii) involves hydrolysis of the product from part (i). The hydrolysis can be 
carried out by conventional methods such as heating in the presence of water or a lower 
5 alkanol optionally in the presence of a catalyst such as an alkali metal hydroxide or lower 
alkoxide. The product or a pharmaceuticaUy acceptable salt thereof can be isolated using 
conventional methods. 

ReactioQ Scheme DC 

10 




15 Tetrahydzoiinida2X)qu]nolines of the invention can be prepared according to 

Reaction Scheme X where R2, Ru, X and n are as defined above. 

In step (1) of Reaction Scheme X a 4-amino-6,7,8,9-tetzahydio-lif'-imidazo[4,5- 
c]quinoHn-l-yl alcohol of Fonnula XX is alkylated using the method of Reaction Scheme 
m witii a halide of formula HaHCH2)i-i(rCH3CH to provide a 6,7,8,9-tetrahydro-I/f- 
20 iniidazo[4,5-c]quinolin-4-amine of Fonnula XLV. 

In step (2) of Reaction Scheme X a 6 J,8^-tBtrahydro-l/f-nnidazo[4,5-c]quino]in- 
4-amine of Formula XLV is coupled using &e method of step (5) of Reaction Schone IV 
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with a halide of Foimula Hal-Rn to provide a 6,7,8,9-tetrahydio-l/r-imidazo[4,5- 
c]qiiiiiolin-4-amine of Fonnula XLIV which is a subgenus of Formula IV. The product or 
a pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

5 Reaction Scheme X 




10 Compounds of the invention can be prepared according to Reaction Scheme XI 

where R, Ri, Ra, X and n are as defined above. 

hi step (1) of Reaction Scheme XI a 2,4-dihydroxy-3-nitro-6,7,8.9- 
tetrayhydroquinoline of Fonnula XLVII is chlorinated to provide a 2,4-dichloio-3-nitro- 
6,7,8^-tetrayhydroquinoline of Formula XLVm. Conventional chlorinating agents can be 

15 used. Preferably the reaction is carried out by combming a compound of Formula XLVII 
with phosphorous oxychloridc and then heating (SS-^S'C). Compounds of Foraiula 
XLVn are known or can be prepared using known synthetic meAods (see for example 
Nikolaides et al,. U.S. Patient 5,352,784 and references cited therein). 

In stq) (2) of Reaction Scheme XI a 2,4-dichloro-3-mtn>-6,7,8.9- 

20 tetrayhydroquinoline of Formula XLVm is reacted wifli an amine of Formula Ri-O-X- 
mk to provide a 2-chloro-3-nitro-6J,8,9-tetrahydn)quinolin-4-ainine of Formula XLDC 
The reaction can be carried out by adding the amine to a solution of a compound of 
Formula XLVm in a suitable solvent such as N^-dimethylformamide and heating (55- 
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In step (3) of Reaction Scheme XI a 2H;Uoro-3-mtio-6 J,8,9-tetra]]ydroquinoIin-4- 
amine of Fonnula XLIX is reacted widi phenol using the method of step (4) of Reaction 
Scheme 11 to provide a 2-phenoxy-3-nitxo-6,7,8»9-tetiahydroquinolin-4-am]ne of Fonnula 
L. 

In step (4) of Reaction Scheme XI a 2-phenoxy-3Haitro-6,7,8,9-tetrahydroquinolin- 
4-amine of Fonnula L is reduced using the method of step (2) of Reaction Scheme VH to 
provide a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3,4-diamine of Formula LL 

Id step (5) of Reaction Scheme XI a 2-phenoxy-6,7,8,9-tetrahydroquinolin-3,4- 
diamine of Formula li is cycUzed using the method of step (3) of Reaction Scheme VII to 
provide a 4-phenoxy-6,7,8^-tetraI]ydro-l/f-imidazo[4,5-c]quinoIine of Fonnula UL 

In step (6) of Reaction Scheme XI a 4-phenoxy-6J,8,9'-tetzahydro-lJ^- 
imidazo[4,5-c]quinoline of Formula LII is aminated using the method of step (7) of 
Reaction Scheme 11 to provide a 6,7,8,9-tetiafaydro-l/f-imidazo[4,5-<:]quinolin-4-ainine of 
Formula m. 
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The invention also provides novel con^unds useful as intenncdiates in flie 
synthesis of the compounds of Fonnulas CO, (H), (III), and (IV). Iheae interaicdiate 
compounds have flic structural Fonnulas (V) - (IX) and (XUV) described in more detaO 
below. 
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One class of intennediate compounds has Foimula (V): 



wherein: X is -CHR3-. -CHRj-alkyl-, or-CHRa-alkenyl-; 



-(CH2)i-i(rC^!^-Rio; 
R] is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-aDcyl; 
-alkyl-Y-alkcityl; 
-aDcyl-Y-aiyl; and 

<• alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 



-OH; 
-halogen; 

-CO-N(R3)2; 
-CO-Ci.ioalkyl; 




(V) 



Ri is selected from ^ group consisting of: 
-heteroaiyl; 
-heterocyclyl; 
-R4-heten>aiyl; 
-R4-hetBrocyc]yl; and 
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-CO-O-Ci-ioalkyl; 

-N3; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-CO-aryl; aod 
-CO-heteroaiyl; 



R4 is alkyl or alkenyl, which may be mtBrrupted by one or more -O- 
groups; 

eacb Ra is independently H or Cmo alkyl; 
R]0 is heteioaiyl or heterocyclyl; 
each Y is independently -Q- or -S(0)o-r; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of C 1-10 
alkyl, Ci-10 alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 



Another class of intennediates are imidazoqmnoline-4-phenoxy compounds of 
Fomiula(VI): 




(VI) 



wherein; X is --CHRj-, -CHRj-alkyl-, or-CHRj-alkenyl-; 

28 
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Ri is selected finom the group consisting of: 

-heteroaiyl; 

-heterocyclyl; 

-R<-heteroaiyl; 

-R4-heterocyclyl; and 

-(CH2)i-io-OC-Rio; 
Ri is selected from the group consisting of: 

-hydrogen; 

-allcyl; 

-alkenyl; 

-aryl; 

-hcteroaryl; 
-heterocyclyl; 
-alkyl-Y-aDcyl; 
-alkyl-Y- alkenyl; 
-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-Olt 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Cmo alkyl; 

-COO-Cmo alkyl; 

-N3; 

-aryl; 

-heteroaxyl; 

-heterocyclyl; 
-COaryU and 
-CO-hetcroaiyl; 

R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 
groups; 
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20 



each R3 is independently H or C|.io alkyl; 
Rio is heteroaiyl or heterocyclyl; 
each Y is independently -O- or-S(0)o.r; 
n is 0 to 4; and 

each R present is independently selected from die group consisting of Cj-io 
alkyl, Ci-io aUcoxy, hydroxy, halogen and drifluonnnethyl; 
or a phannaceutically acceptable salt thereof. 

Anotiier class of intennediate compoiinds is represented by Formula (VII): 



ZisNHaorNOi; 

X is -CHR3-, -CHR3-aIkyK or-CHRa-alkenyl-; 
Ri is selected from die group consisting of: 

-heteroaiyl; 

-heterocyclyl; 

-R«- heteroazyl; and 

-Rchetecocyclyl; 
R4 is alkyl or aOoenyU ^ch may be intenupted by one or more -O- 
groins; 

each Ra is independently H or Cmo alkyl; 
n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyU Cmo alkoxy, hydroxy, halogen and trifluorome^^; 
or a phannaceutically acceptable salt thereof. 



10 




(vn) 
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15 



20 



Another class of inteimcdiate compounds has the Fozmula (XLIV): 



X is -<m3-, -CHRs-aBo^K or -CHRs-alkenyl-; 
Rj is selected from the group consisting of: 

-hcteroaryl; 

-heterocyclyl; 

-R4- heteroaxyl; and 

-R4-4ictien)cyclyi; . .> 

Ri is selected from die group consisting of: 

-hydrogen; 

-aUcyl; 

-alkenyl; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-aJkyl; 
-alkyl-Y-alkenyl; 
-alkyi-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substitucnts selected 
from die group consisting of: 



-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 
-CO-C1.10 alkyl; 

-CO-O-Ci-io aH^l; 




(XLTV) 
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-N3; 

-aiyl; 

^ -beteroaxyi; 

-hetcrocyclyl; 

5 -CO-aiyl; and 

-COheteioaiyl; 

R4 is alkyl or alkeiiyl» which may be intenupted by one or more -O- 
fforxps; 

each B3 is independently H or Cmo alkyl; 
10 each Y is independently -O- or -S(0)a.2S 

nis0to4;and 

each R present is independently selected from fht group consisting of Cuio 
alkyU Cmo &lkoxy» l^droxy, halogen and trifluoromefliyl; 
or a pharmaceutically acceptable salt Ifaereofl 



15 



An additional class of intennediats compomids has die Fonnula (VUI): 




20 

wherein: X is -CHR3-, -CHRa-alkyK or -CHRj-alkeiQis 
Ri is selected from 1S» group consisting of: 
-heteroaiyt 
-hcterocyclyl; 
25 -Rr- heteroaryl; and 

-Rr-hctCTOcyclyl; 
R2 is selected from die group consisting of: 
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-hydrogen; 
-alkyl; 
-alkenyi; 
-aiyl; 

5 "heteroaiyl; 

-heterocyclyl; 
-aUcyl-Y-alkyl; 
-alkyi-Y-alkcnyl; 
-alkyl-Y-aryl; and 

10 - alkyl or alkenyi substituted by one or more substituents selected 

from the group consistmg of: 
-OH; 
-halogen; 

15 -CO-N(R3)2; 

-CO-Ci-io aUcyl; 
-CO-O-Ci.io alkyl; 
-Na; 
-^1; 

20 -heteroaiyl; 

-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

25 R4 is alkyl or alkenyi, which may be inteirupted by one or more -O- 

groups; 

each R3 is independendy H or Ci.ioalkyU 
each Y is independently -O- or -S(0)(w; 
ni80to4; 

30 each R present is independenfly selected ftcwn fte group consisting of Ci-io 

alkyl, Cmo alkoxy, hydroxy, halogen and trifluorome&yl; and 
Rt is lerr-butyl or benzyl; 
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or a phannaceuticaily accq>table salt tfieieof. 

A fintiier class ofintermediates are iinidazoquinoline-4-chloro compounds of fhe 
FoimulaCIX) 




X is "OIRj-, <:HR3-alkyl-, or -<niR3-alkenyls 
Ri is selected from Hie group consisting of: 

-heteroazyl; 

-heterocyclyl; 

-Rr-beteioaxyl; and 

-R4r-heterocyclyi; 
Ri is selected from tfie gnmp consisting of: 

-hydrogen; 

-alkyl; 

-aUcenyU 

-aiyU 

-hetecoaryU 
-hetnocyclyl; 
-alkyl-Y-al^ 
-alkyl- Y-aHcenyl; 
-alkyi-Y««yl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
-OH 



wheiein: 

10 



15 



20 
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-halogei^ 
-N(R3)2; 
-CO-N(R3)2; 
^0-Cu\o alkyl; 
5 -CO-O-Ci.io alkyl; 

-aiyl; 

-lieteroaryl; 
-heterocyclyl; 

10 -CO-atyi; and 

"CO-hetcroatyl; 

Ri is alkyl or alkenyl, which may be interrupted by one or more -O- 
g^oups; 

15 each R3 is independently H or Ci.io alkyl; 

each Y is independently -O- or -S(0)o-2-; 
n is 0 to 4; and 

each R present is independentiy selected &om the gioup consisting of d-io 
alkyl, Cmq alkoxy, hydroxy, halogen and trifluoromethyl; 
20 or a pharmaceutically acceptable salt diereof. 

As used herein, the terms "alkyF, "alkenyl" and the prefix "alk-" arc inclusive of 
both strai^t chain and branched chain groups and of cyclic groups, i.e. cycloalkyl and 
cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 20 carbon atoms, 

25 with alkenyl groups containing from 2 to 20 carbon atoms. Prefaced groups have a total 
of up to 10 carbon atoms. Cyclic groups can be monocycUc or polycyclic and preferably 
have from 3 to 10 ring carbon atoms. Exemplary cyclic gioiq>8 inchide cyclopropyl, 
cyclopentyl, <^clohexyl, cyclopropyhnetiliyl, and adamantyl 

In addition, tiw alkyl and alkcnyl portions of -X- groups can be unsubstituted or 

30 substituted by one or more substituents, which substituents arc selected fiom the group 
consisting of alkyl, alkenyl, aryl, heteroaryl, heterocyclyl, arylalkyl, heteroarylalkyl, and 
heterocyclylalkyl. 
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The tenn "haloalkyr is inclusive of groups that are substituted by cHie or more 
halogen atoms, including perfluoiinated groups. This is also true of grotq>s diat inchide 
Ae prefix "^halo-**. Examples of suitaBle haloalkyi groups are chloromethyl, 
trifluoromethyl, and the like. 

5 The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 

Examples of aiyl groups include phenyl, naphtfayl, biphenyl, fluorenyl and indenyl. The 
term *1ieteroaiyr' includes aromatic rings or ring systems that contain at least one ring 
hetero atom (e.g., O, S, N). Suitable heteroaxyl groups include fuiyl, tfaienyU pyridyl, 
quinolinyU isoquinolmyl, indolyl, isomdolyl, triazolyl, pynolyl, tetrazolyl, imidazolyl, 

10 pyiazol^ oxazolyl, tfaiazolyl, benzofuianyl, benzothiophenyU caxbazol^ benzoxazolyl, 
pyiimidinyly quinoxafinyl, benzimidazolyl, benzothiazolyl, naphthyridiny], isoxazolyl, 
iso&iazolyl, quinazolinyi, purinyl, and so on. 

**Heterocyclyr* includes non-aromatic rings or ring systems that contain at least 
one ling hetero atom (e.g., O, S, N) and includes the fully saturated and partially 

15 unsaturated derivatives of any of &c above mentioned heteroaiyl groups. Exemplary 

heterocyclic groups inchide pyxrolidinyl, tetrabydrofuianyl, morpholinyl, thiomoipholinyl, 
piperidinyl, piperazinyl, tfaiazolidinyl, imidazolidinyl, isotfaiazolidinyl, and the like. 

The aiyl, heteroaiyl, and hetBiocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected from die group consisting of alkyl, . 

20 aDcoxy, alkyldiio, haloalkyi, haloalkoxy, haloaDcylthio, halogen, nitro, hydroxy, mercapto, 
cyano, caiboxy, formyl, aryl, aiyloxy, aryltbio, arylalkoxy, arylalkylthio, hetetoaryl, 
heteroaiyloxy, heteroarylthio, heteroaiylalkoxy, heteroaiylalkylthio, amino, aDcylamino, 
dialkylamino, heterocyclyl, hetcrocycloalkyl, alkylcarbonyl, alkenylcariwnyl, 
alkoxycaibonyl, haloalkylcarbonyl, haloalkoxycaibonyl, alkylthiocaibonyl, aiylcaibonyl, 

25 heteroaiylcaibonyl, aiyloxycaibonyl, heteroaryloxycaibonyl, aiylthiocaibonyl, 

heteroeiyUhiocaibonyl, alkanoyloi^, alkanoyhhio, alkanoylamino, aroyloxy, axoyltiiio, 
axoybmuno, alkylamkosulf onyl, alk^sulfonyl, aiylsulfonyl, heteioaiylsulfoiiyl, 
aiyldiazinyl, all^lsulfonylaniino, alkylenesulfoiylamnio, axylsulfonylamino, 
aiylalkybulfinylaTniiio^heteroaiylsnlfoiiylanii^ heteroalkylsulfonylamino, 

30 allylcaibonylamino, alkenylcaxbonylamino, arylcaibonylamino, aiylaDcylcaibonylamino, 
heteroaiylcarbonylaniino, heteroarylalkylcaibonylamino, alkylaminocaxbonylamino, 
alkenylaminocaibonylamino, azylaminocaifoonylamino, aiylalkylaminocaxbonyl. 
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heteroaiylaminocaibonylammo, herteroaiylalkylaminocaxbonylammo, but, in the case of 

heterocyclyl, alkylcaibonyl, alkenylcaibonyl, haloalkylcaibonyU aiylcarbonyl, 

heteroaxylcarbonyl, alkylthiocarbonyU aiylthiocaxbonyl, heteioaiylcaibonyl, 

alkytaminosulfonyl, alkylsulfonyl, aiylsulfonyl, and heteroaxylsulfonyl are not pennitted. 
5 If any other groups are identified as being "substituted" or "optionally substituted", then 

those groups can also be substituted by one or more of the above enumerated substituents. 
Certain substituents are generally prefened. For example, preferred heteroaryl 

groups include 2-pyridine, 3-pyridine, 4-pyridine, 2-pyrimidine, and 5-pyrimidine. 

Preferably no R substituents are present (i.e., n is 0). Preferred R2 groups include 
10 hydrogen, alkyl groups having 1 to 4 caxbon atoms (i.e., methyl, ethyl, propyl, isopropyl, 

n-butyl, sec4}utyl, isobutyl, and cyclopropyhnethyl), metiioxyethyl, and etfaoxyme&yl. 

One or more of these preferred substituents, if present, can be present in the compounds of 

the invention in any combination. 

1 5 y The invention is inclusive of the compounds described herein in any of their 

pharmaceutically acceptable forms, including isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like, in particular, if a compound is 
optically active, the inv^tion specifically includes each of the compound's enantiomers as 
well as racemic mixtures of the enantiomers. 

20 

Pharmaceutical Compositions and Biological Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
amount of a compound of the invention as described above in combination with a 
pharmaceutically acceptable carrier. 

25 The term "a therapeutically effective amounf means an amount of the compound 

sufficient to induce a ther^utic effect, such as cytokine induction, antitumor activity, 
and/or andvnal activity. Al&ou^ the exact amount of active compound used in a 
pharmaceutical composition of ^ invention wiH vary acccnding to factors known to diose 
of skill in the art, such as the physical and chemical nature of the compound, the nature of 

30 the carrier, and the intended dosing regimen, it is anticipated that &e compositions of the 
invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mg/kg, preferably about 10 (ig/kg to about 5 mg/kg, of the compound to the 
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subject Any of the conventional dosage fonns may be used, such as tablets, lozenges, 
parenteral formulations, syrups, cieams, ointments, aerosol formulations, transdemial 
patches, tiansmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 

5 agent in the treatment regimen, or the compounds of the invention may be administered in 
combination with one another or with other active agents, including additional immune 
response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 

1 0 results indicate that the compounds are useful as immune response modifiers that can 

modulate the immune response in a number of different ways, rendering them useful in the 
treatment of a variety of disorders. 

Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include inteiferon-a (IFNhc^) and/or tumor necrosis 

15 factor-a CTNF-a) as well as certain interlcukins (US), Cytokines whose biosynthesis may 
be induced by compounds of the invention include IFN-kx, TNF-ct, EL-l, IL-6, DL-IO and 
IL-12, and a variety of otiier cytokines. Among other effects, these and other cytokines 
can inhibit virus production and tumor cell growtii, making the compounds useful in the 
treatment of viral diseases and tumors. Accordingly, the invention provides a method of 

20 inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

Certain compounds of the invention have been found to preferentially induce the 
expression of IFN*-a ia a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without 

25 concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
iht invention a£fect other aspects of the innate immune response. For example, natural 
kiUerceU activity inay be sdmukted, an effect that inay be due to cytokine indu^^ The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 

30 oxide and the production of additional cytokines. Further, die compounds may cause 
proliferation and differentiation of B-lymphocytes. 
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Compounds of the invention also have an effect on the acquized immune response. 
For example, although there is not believed to be any direct effect on T cells or direct 
induction of T cell cytokines, the production of the T helper type 1 (Thl) cytokine IFN-7 
is induced indirectly and the production of the T helper type 2 {Th2) cytokines IL-4, IL-5 
and IL-13 are inhibited upon administration of the compounds. This activity means that 
tiie compounds are useful in the treatment of diseases where upregulation of the Thl 
response and/or downregulation of the Th2 response is desired. In view of die ability of 
compounds of &e invention to inhibit tiie Th2 immune response, the compounds are 
expected to be useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma, 
allergy, allergic rhinitis; systemic hipus erythematosis; as a vaccine adjuvant for cell 
mediated inununity; and possibly as a treatment for recurrent fungal diseases and 
chlamydia. 

The immune response modifying effects of the compounds make them useful in 
the treatment of a wide variety of conditions. Because of their ability to induce tiie 
production of cytokines such as IFN-a and/or TNF-ct, the compounds are particularly 
useful in die treatment of viral diseases and tumors. This immunomodulating activity 
suggests diat compounds of tiie invention are usefiil in treating diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type H; molluscum contagiosum; 
variola, particularly variola major, rhinovirus; adenovirus; influenza; para-iiifluen2a; HIV; 
CMV; VZV; intraepithelial neoplasias such as cervical intraepithelial neoplasia; human 
papillomavirus (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, 
and cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 
leukemia, multiple myeloma, melanoma, non*Hodgidn's lymphoma, cutaneous T-cell 
lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis caraii, 
cryptosporidioais, histoplasmosis, toxoplasmosis, txypanosome infection, and 
leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using the compounds of the invention 
include actinic keratosis; eczema; eosinophilia; essential thrombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen*s disease; Bowenoid 
papulosis; alopecia areata; the inhibition of keloid formation after surgery and other typts 
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of post-surgical scars. In addition, these compovinds could enhance or stimulate the 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
the opportunistic infections and tumors Aat occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

An amount of a compound effective to induce cytokine biosynthesis is an amount 
sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and B-cells to produce an amount of one or more cytokines such as, for example, IFN-a, 
TNF-a, IL-1, IL-6, IL-10 and IL-12 that is increased over tfie background level of such 
cytokines. The precise amount will vaiy according to &ctors known in the ait but is 
) expected to be a dose of about 100 ng/kg to about 50 mg/kg. preferably about 10 jig/kg to 
about 5 mg/kg. The invention also provides a me&od of treating a viral infection in an 
animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to tiie 
animal. An amount effective to treat or inhibit a viral mfection is an amount that will 
1 5 cause a reduction in one or more of the manifestations of viral mfection, such as viral 

lesions, viral load, rate of virus production, and mortaHty as compared to untreated control 
animals. The precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
20 amount that will cause a reduction in tumor size or in tfie number of tumor focL Again, 
the precise amount will vary according to fectois known in tiie art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg. 

The invention is further described by the foUowing examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

25 

In the examples below some of tiie compounds were purified using semi- 
preparative HPLC. Two different meAods were used and Ihey are described below. Botii 
methods used a A-lOO Gilson-6 equipped with 900 Series InteUigent Interfwe- The semi- 
prep HPLC fractions were analyzed by LC-APCI/MS and the appropriate fractions were 
30 combined and lyophilized to provide tiie trifluoroacetate salt of the desired compound. 
Metiiod A 
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Column: cohunn Microsc^ C28, 21.4 x 250 mm, 8 micron particle size, 60A pore; 
flow rate: 10 mL/min.; gradient elution fit>m 2-95% B in 25 wisL^ hold at 95% B for 5 
min^ where A=0.1 % trifluoroacetic acid/water and B=0.1% trifluoroacctic 
acid/acetonitrile; peak detection at 254 nm for triggering fraction collection. 
Method B 

Column: Phenomenex Capcell PakClS, 35 x 20 mm, 5 micron particle size; flow 
rate: 20 mL/min.; gradient elution from 5-95% B in 10 min., hold at 95% B for 2 min., 
where AN).l % trifluoroacetic acidAvater and B'=0.1% trifluoroacetic acid/acetonitrile; 
peak detection at 254 nm for triggering fraction collection. 

Example 1 

l-<2-{[3-(Isoquinolin-4-yl>2-propynyl]oxy}e1hyl>lH-imidazo[4,5-^^ 




Part A 

2-{l/Mmidazot4,5-c]quinolin-l-yl)-l-«thanol (28.5 g, 0.133 mol) was added in 
portions over a period of 1 hour to a mixture of sodium hydroxide (240 mL of 50%), 
dichloromelhane (240 mL), propargyl bnmiide (39.6 g of 80%, 0.266 mol) and 
benzyitrimetbylammonium chloride (2.46 g, 0.013 mmol). The resulting reaction mixture 
was allowed to stir at ambient tempemture for 1 6 hours at which time the reaction mixture 
was homogeneous. The layers were separated. The aqueous fraction was extracted with 
additional dichloromethane. The organic fractions were combined, washed with water, 
dried over magnesium sulfate and then concentrated under reduced pressure. The 
resulting residue was combmed with dietiiyl ether and the mixtm^e was allowed to stir. An 
orange solid was isolated by filtration. This material was recrystallized from ethyl acetate 
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to provide 19.8 g of 2-<l/f-umdazo[4^-c]q[umolin-l-yl)ethyl (2-propynyl) ether as a 

yellow crystalline solid, m.p. 124'126'*C. 

Analysis. Calculated for CisHjaNjO: %C. 71.70; %H, 5.21; %N. 16.72. Found: %C, 
71.85; °/oH, 5.25; %N, 16.90 
5 *H NMR (300 MHz, DMSO) 5 9.21 (s, 1 H), 8.44 (m, 1 H), 8.36 (s, IH), 8.1 8 (m, 1 H), 
7.71 (m, 2 H), 4.93 (t, J =5.1 Hz. 2 H), 4.14 (d, J = 2.4 Hz. 2 H). 3.98 (t, 1 = 5.1 Hz. 2 H), 
335(t.J = 2.2H2,lH) 

HRMSOESI) calcd for C,5Hi4N30 (MH*) 252.1 137, found 252.1 141 
PartB 

10 2-(l//-Iniidazo[4,5-c]quinolin-l-yl)ethyl (2-piopynyl) ctiber (19.7 g. 78.4 mmol) 

and chloroform were combined and then cooled to 0**C. 3-ChIoroperoxybenzoic acid (15.7 
g of 57-86%) was added and the mixture was allowed to stir for 0.5 hour. The mixture 
was allowed to warm to ambient temperature by which time all material was in solutioiL 
Analysis by thin layer chromatography (TXC) indicated that some starting material was 

1 5 still present so more 3-chloroperoxybenzoic acid (two separate 4 g portions) was added. 

About 0.5 hour after the second portion was added. TLC showed no starting material. The 
reaction solution was extracted witli 10% sodium hydroxide. The aqueous fraction was 
then extracted multiple times with dichlorome&ane. The organic fractions were 
combined, dried over magnesium sulfate, filtered and then concentrated under reduced 

20 pressure to provide 1 8.5 g of 142-(2-propynyloxy)ethyl]-lif-iniidazo[4,5-c]quinoline-5N- 
oxide as a yellow oil. 

HRMS(ESI) calcd for C15H14N3O2 (Mrf) 268.1086, found 268.1098 
Parte 

Under a nitrogen atmosphere trichloroacetyl isocyanate (1 5.5 g, 82.2 mmol) was 
25 added dropwisc to a mixture of l-[2-^-pn>pynyloxy)c1hyl]-lif-nnidazo[4,5-c]quinoline- 
5N-oxide (18.3 g. 68.5 mmol) and dichloromelfaane (300 mL). Vigorous carbon dioxide 
evolution was observed. After about 0.5 hour all of tiie material was in solution. The 
reaction solution was allowed to stir for about 1 hour at which time analysis by TLC 
indicated the presence of a small amount of starting material. More trichloroacctyl 
30 isocyanate (4.5 g) was added. After 1 hour, TLC analysis indicated that the reaction was 
• complete. The volatiles were removed under reduced pressure to provide N-{I-[2-(2- 
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pn)pynyloxy)ediyll-l/r-imida2o[4,5-^]qumolin-4 as a pale 

yellow solid. 

PartD 

Dichloromethane (1 50 mL) was added to a mixtuie of fhe soUd from Part C and 
5 methanol (200 mL) and all of the material went into solution. Sodium methoxide (50 g of 
25% in methanol) was added and the solution was allowed to stir at ambient temperature 
overnight The resulting precipitate was isolated by filtration. The fUtrate was 
concentrated to a volume of approximately 100 mL and a second crop of precipitate was 
isolated by filtration. The two crops were combined and dried in a vacuum oven at 6(rC 
10 for 16 hours to provide 16.4 g of l-[2-(2-pn^ynyloxy)ediy]]*i/r-imidazo[4,5-c]quino]in- 
4-amine as an off-white solid, m.p. 225-227%). 

Analysis. Calculated for Ci5Hi4N40 (H20)y4: %C. 66.53; %H. 5.40; %N. 20.69. Found: 
%C, 66.33; %H, 5.18; %N. 2L12 

NMR (300 MHz, DMSO) 6 8.13 (s, 1 H), 8.08 (br d, J = 7.8 Hz, 1 H), 7.62 (br d, J = 
15 8.3 Hz, 1 H), 7.44'(br t, J = 7.6 Hz, 1 H), 7.24 (br t, J - 7.5 Hz, 1 H), 6.54 (s, 2 H). 4.81 (t, 
J = 5.4Hz.2H), 4.14 (d,J = 2.4Hz,2H), 3.93 (t,J = 5.1H2,2H),338(t.J = 2.4 Hz, 1 
H) 

HRMS(ESI) calcd for C15H15N4O (MH*) 267.1246, found 267.1253 
PartE 

20 Under a nitrogen atmosphere l-[2-(2iiropynyloxy)etliyl]-l^-imidazD[4,5- 

cJquinolin-4-amine (16 g, 60.1 mmol), di-tert-hntyl dicarbonate (32.7 g, 150 mmol), 
tricthylamine (21 mL, 150 mol), N,N-dime&ylformamide (150 mL) and 4- 
(dimethylamino)pyridinc (0.1 g) were combined and heated to 80-85°C. After about 1 
hour the mixture became homogeneous and TLC analysis indicated that very little starting 

25 material remained. The solution was heated for an additional hour. The solution was 

diluted with ethyl acetate and water. The layers were separated and the aqueous fraction 
was extracted witib ediyl acetate. The oiganic fractions were combined, washed widi 
water and &en with brine, dried over magnesium sul&te, filtered and then cancentrated 
under reduced pressure to provide a pale orange-yellow solid. This material was triturated 

30 with dictiiyl ether to provide 22.6 g of NJ^-(bis r€rt-butoxycaibonyl)-l-[2-(2- 

propynyloxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-amine as an o£f-wfaite solid, m.p. 139- 
142"C. 
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Analysis. Calculated for C25H30N4O5: %C, 64.36; %H, 6.48; %N. 12.01 . Found: %C. 
64.40; %H, 6.43; %N, 12.06 

'H NMR (300 MHz, DMSO) 5 8.44 (m, 1 H). 8.35 (s, 1 H). 8.08 (m, I H), 7.73 (m, 2 H), 
4.94 (t, J = 4.9 Hz, 2 H), 4.12(d, J=2.4Hz,2H),3.98 (t, J = 5.1 Hz, 2 H). 3.31(t.J = 2.4 
5 Hz,lH).134(s,18H) 

HRMS(ESI) calcd for C25H31N4O5 (MH*) 4672294. found 467.2307 
PartF 

Under a nitrogen atmosphere NJ^f-(bis rert-butoxycarbonyl)-l-[2-(2- 
propynyloxy)ethyl]-lH-imidazo[4,5s:]qumolm^-amine (1.0 g, 2.14 nunol), trietfaylamine 

10 (0.8 mL, 5.56 nunol) and N,N-dimethylfonnainide (25 mL) were combined and the 

resulting solution was heated to 80-85°C. Dichlorobis(triphenylphosphine)palladium(II) 
(0.08 g, 0.11 mol), copper(I) iodide (0.04 g, 0.21 mmol) and 4-bronioisoquinoline (0.49 g, 
2.35 mmol) were added. After 3 hours analysis by high performance Hquid 
chromatography (reverse phase with an acetonitrile/water gradient) indicated that the 

15 reaction was complete. The reaction solution was slowly poured into water with vigorous 
stirring. A cream colored precipitate was isolated by filtration, washed with water and 
then dried in a vacuum oven (<40°C) for 16 hours to provide 1 .21 g of N,N-(bis tert- 
butoxycaibonyl>l-(2-{[3-(isoquinolin«4-yl)-2-propynyl]oxy}ethyl)-l/f-imidazo[^ 
c]quinolin-4*amine. 

20 HRMS(EI) calcd for C34H35N5O5 (M*) 5942716, found 594.2732 
PartG 

Under a nitrogen atmosphere, the material firom Part F was added in portions to a 
mixture of dichloromethane (5 mL) and trifluoroacetic acid (5 mL). The resulting solution 
was allowed to stir at ambient temperature for 2 hours at which time TLC indicated tiie 

25 reaction was complete. The solvents were removed under reduced pressure. The residue 
was diluted witii dichlorometfaane^iethanol (~4/l) and 20% sodium hydroxide. The 
layers were separated. The aqueous fraction was extracted with 
dichlorometbane/methanol (^/l). The organic fractions were combined, dried over 
magnesium sul&te, filtered and then concentrated under reduced pressure. The residue 

30 was purified by flash chromatography to provide 0.15 g of l-(2-{[3-(isoquinolin-4-yl>2- 
propynyl]oxy}ethyl)<l/f-imidazo[4,5-c]quinolin-4-ainine as an off-white solid, m.p. dec > 
205*. 
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'H NMR (300 MHz, DMSO) 8 9.30 (s, 1 H). 8.43 (s. 1 H). 835 (s, 1 H), 8-19 (m, 2 H). 
7.88 (br d. J - 8.0 Hz. 1 HX 7.65 - 7.80 (m, 4 H). 7.60 (d. J = 8.3 Hz, 1 H), 7.49 (t. J = 7.8 
Hz, I H). 734 (t. J = 7.8 Hz. 1 H). 4.93 (t, J = 45 Hz, 2 H), 4.57 (s. 2 H), 4.14 (t. J = 5.1 
HZ.2H) 

HRMSOESI) calcd for Cj4H,,N50 (MH^ 394.1668, found 394.1669 

Example 2- 

l-{2- ([3-(l 3-Thia2ol-2-yl)-2-propy°y^l*»^) "^y*)* 
lJf/-iinidazo[4,5-c]qumolm-4-ainiiie 

NH, 




10 

Fait A 

Using the general method of Example 1 PartF,N,N-(bisfert-butoxycarbonyl)-l- 
[2K2-propynyloxy)elhyl]-lH-imidazo[4.5-c]qumolm-4-amiiie (1.0 g. 2.14 mmol) waa 
reacted with 2-bromothiazole to provide 0.97 g of N,N-(bis /ert-butoxycarbonyl)-l-(2-{[3- 
15 (l3-thia2ol-2-yl>2-propynyl]oxy}ethyl)-lH-imidazo[4,5^1quinolm-4-am^ as a glassy 

yellow solid. 

MS (CI) 550. 450, 350 

PaitB 

Using flie general medipd of Example 1 Part G, tf» material from PaitB was 
20 hydtolyztdlDpiovideO.ll gof l-(2.{[3K13-thiazol-2-yl)-2-pT^ 
inudazo(4.5-c]quinolin-4-amine as a white solid, m.p. 157-159^. 
Analysis. CakuktedforC.rfI,5N5OS-(H^),M:%C.61.09;%H. 4.42; %N, 19.79. Found: 

. %C 61.06; %H, 4.37; %N, 19.53 
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NMR (500 MHz, DMSO) 6 8.18 (s, 1 H), 8.1 1 (d, J = 7.9 Hz. 1 H). 7.89 (dd, J = 17.7, 
2.9 Hz, 1 H), 7.62 (d. J = 7.9 Hz, 1 H). 7.43 (t, J - 7.5 Hz, 1 H), 7.23 (t, J « 7.5 Hz, 1 H), 
6.64 {s, 2 H), 4.83 (m. 2 H), 4.50 (s, 2 H), 4.01 (m, 2 H) 
HRMS(EI) calcd for CigHwNsOS (M*) 349.0997, found 349.0988 

Example 3 

l-{2-[3-{lH-Pyrazol-4-yl)propoxyle%l}-lH-iinidazo[4,5-c]qum 




Part A 

N J^-(bia /ert-butoxycaibonyl)-l -[2-(2-propynyloxy)ethyl]-l//-imidazo[4,5- 
c]quinolin-4-ainine (2.25 g. 4.82 mmol), triethylaminc (1.34 mL, 9.64 nunol), 4- 
iodopyrazole (1 .02 g, 5.30 mmol) and anl^drous acetomtrile (40 mL) were combined. 
Nitrogen was bubbled tough the resulting solution for 10 minutes. 
DichIorobis(triphenylphosphine)palladium(II) (68 mg, 0.096 mot) and copper(I) iodide 
(37 mg, 0.192 mmoQ were added and the solution was heated to 40**C. After 1 hour 
analysis by HPLC (reverse phase) indicated tiiat no reaction bad taken place. The reaction 
solution was heated to about 90''C. After 4 hours analysis by HPLC indicated that the 
reaction was complete. The volatiles were removed under reduced pressure. The residue 
was purified by flash chromatography (9/1 dichloromelhanc/metbanol) to provide 12 g of 
NJ^Kbifi tert-butoxycarbonyl)-H2- {[3-(lff-pyrazol-4.yl)-2i>ropy^^^ 
imidazo[4,5-c]quinolin-4-axnine as a white solid. 
Parte 

The material from Part A was combined with meflumol (-20 mL) and catalyst 
(015 g of 10% palladium on carbon). The mixture was hydrogenated for 4 hours at which 
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time analysis by reverse phase LC-MS indicated reduction to the alkene and the alkane. 
More catalyst (025 g) was added and ttie mixture was hydrogenated for 2 days at which 
time LC-MS indicated one product with no starting material or alkene. The mixture was 
filtered and the filtrate was washed with methanol. The sohition was concentrated to give 

5 a solid. This material was purified by flash chromatography (9/1 

dichloromethane/methanol) to provide 0.9 g of N,N-<bis /^r-butoxycarbonyl)-l-{2-[3- 
(lJ/-pyrazol'4-yl)propoxy]ethyl}4H-unidazo[4,5-c]quinolin^ as a white solid 
'HNMR (300 MHz, DMSO) 512.43 (br s, I H). 8.48 (br d, J= 7.1 Hz, 1 H), 8.37 (s, IH), 
8.08 (br d, J = 73 Hz, 1 H). 7.72 (m, 2 H), 7.30 (br s. I H), 7.14 (br s, 1 H), 4.92 (t. J - 4.9 

10 Hz. 2 H), 3.88 (t, J = 4.9 Hz, 2 H). 2.22 (t, J « 7.8 Hz. 2 H), 1.56 (m, 2 H), 1.31 (s, 18 H) 
MS (EI) 537, 437, 337 
Parte 

Under a nitrogen atmosphere trifluoroacetic acid was added to a mixture of NJ^- 
(bis te/t-butoxycarbonyl)>l-{2-[3<lH-pyrazoM.yl)propoxy]ethyl} 

1 5 c]quinolin-4-ainine (0.5 g, 0.93 mmol) and dichloromcthane (5 mL). The resulting 

solution was allowed to stir for 16 hours at which time analysis by LC-MS indicated that 
the reaction was complete. The solvents were removed under reduced pressure. The 
residue was dissolved in ethyl acetate (-10 mL) and triethylamine (2 mL) was added. A 
precq)itate foimed and the reaction mixture was allowed to stk for 2 hours. Hie soUd was 

20 isolated by filtration and then it was purified by flash chromatography (9/1 to 8/2 
dichloromctfiane/meAanol) to provide 0.18 g of l-{2-[3-(lff-pyrazo^ 
lyl)propoxy]ethyl}-lH-imidazo[4,5-c]quinolin-4-amine as a white solid. m.p. 163-169*^0. 
Analysis. Calculated for C»8H2oN60 • (CF3C02H)o.i5 %C, 62.18; %H. 5.75; %F, 2.42; %N, 
23.77. Found: %C. 61.86; %H, 5.70; %F, 2.52; %N, 23.44 

25 ^H NMR (300 MHz, DMSO) 5 12.50 (br s, 1 H), 8.20 (s, 1 H), 8.15 (d. J = 8.3 Hz, 1 H), 
7.66 (d, J - 8.3 Hz, 1 H), 7.49 (t, J = 7.6 Hz, 1 H), 7.29 (t, J - 7.6 Hz, 1 H), 7.1 5 - 7.40 (br 
•8,2H), 7.00 (br 8.2H). 4.81 {t,J = 4.6Hz.2H).3.84(t.J-4.6Hz.2H),3.34(t.J = 6.l 

Hz, 2 H), 2.27 (t, J = 7.6 Hz, 2 H), 1 .60 (m, 2 H) 
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Example 4 

l-[2<3-Pyrimidin-2.ylpropoxy)e%l].li^imid^ 
NH, 




PartA 

5 Under a nitrogen atmosphere dibenzyl dicarbonate (50 g, 174 mmol) was added to 

a mbcturc of l.[2K2-propynyloxy)e%ll-li^imida2o[4,5-c]quinolm^ain^ (16.4 61.6 
mmol) and anhydrous N J^-dimefliylformamide (200 mL). The reaction mixture was 
aUowed to stir at mnhient temperature for 16 hours and the rea^^ 
homogeneous. The reaction mixture was partitioned between eikyl acetate and water. The 

10 layers were separated. The aqueous layer was extracted with e%l acetate. The organic 
fractions were combined, washed with water, washed with brine, dried over magnesium 
sulfate, filtered and then concentrated under reduced pressure to provide a semisolid. This 
material was triturated with diethyl ether to provide 27.4 g of N,N-(bis 
benzyloxycarbonyl>l-[2-(2-propynyloxy)ethyl]4H-iinida2o[4,^ as a 

15 white solid. 
Parte 

NJ^KBisben^loxycarbonylH-[H2-propyi»yloxy)efhyll-lH-im^ 
c]qmnolin-4-amine (1.00.^ 1.87 mmol), anhydrous acetonitrile (10 mL), triethylamine 
(0.68 mU 4.86 mmol), and2-bromopyriraidine (0.327 g, 2.06 mmol) were combined. 

20 Under a nitrogen atmosphere copper (I) iodide (0.014 g) and 

dichlorobis(triphcnylpho8phinc)paDad2um(II) (0.026 g) were added Ibe reaction mixture 
was maintained at ambient temperature for 15 minutes and tfien heated to 80^ for 1 J 
hours. The reaction mixture was diluted with efliyl acetate and water. The aqueous layer 
was separated and then extracted with ethyl acetate untn no UV matcriah r 

25 aqueous layer. The organic fractions were combined, washed with aqueous sodium 

bicarbonate and brine, dried over magnesium sulfete, filtered and then concentrated under 
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reduced pressure. The residue was purified by column chromatography eluting with 98/2 
eibyl acetate/methanol to provide 0.68 g of a mixture of the mwio and di 
benzyloxycarbonyl protected l-{2-[(3-pyrimidin-2-y^rop-2-ynyl)Qxylethyl}-lH- 
iinidazo[4,5-c]qaiQOlin-4-amiiie. 
5 'H NMR (300 MHz. DMSCM6) 8 8.78 (d, J= 4.9 Hz, 2 H). 8.49 (m, I H), 8.45 (s, 1 H), 

8.12 (m. 1 H). 7.73-7.78 (m. 2 H), 7.50 (t. J= 4.9 Hz, 1 H). 7.23-7.28 (m, 6 H). 7.14-7.17 

(m. 4 H). 5.20 (s. 4 H). 5.02 (t, 7= 5.0 Hz. 2 H). 4.51 (s, 2 H). 4.10 (t. 7= 5.0 Hz. 2 H). 

MS (CI) for CjsHigNsOs m/z 613 (MH^. 569, 461, 345 

Parte 

10 The material ftom PartB. palladium hydroxide (0.25 g of 20% on carbon) and 

methanol (25 mL) were combined and hydrogenated at 47 psi (33 Kg/cm^ for 3 hours at 
ambient temperature. Tbt reaction mixture was allowed to stand over the weekend at 
which time analysis indicated the presence of some product with protected amine groups. 
The reaction rnixtiire was filtered to remove the catalyst and fte filtrate was treated with 
15 sodium methoxide (1 mL of 25% in methanol) for about 16 hours to remove the protecting 
groups. The reaction mixture was concentrated under reduced pressure. TTie residue was 
purified by column chromatography eluting with 1/1/1 efliyl acetatetaethanoWiaane to 
provide 0.235 g of a solid. This material was stirred with hot t(*iene and dien filtered to 
remove insohible materials. The filtiate was concentrated under reduced pressure. TTic 
20 residue was triturated with isopropanol and ethyl acetate to provide 61 mg of l-[2-(3- 
pyrimidin-2-ylpropoxy)ethylhlif-imida2oI4,5^]quinolin-4-arnine as a soUd.m.p. 126- 

127^. 

Analysis. Calculated for C,^2oN«0:%C. 65.5; %H. 5.79; %N, 24.12. Found: %C. 

65.65; %H. 5.78; %N, 24.15 
25 'H NMR (300 MHz. DMS0-<16) 5 8.66 (d, J= 4.7 Hz. 2 H). 8.14 (s. 1 H), 8.08 (d. 8.0 
Hz. 1 H). 7.62 (d. J = 8.2 Hz. 1 H). 7.45 (t. 7= 7.0 Hz, 1 H). 7.24-7 31 (m, 2 H). 6.58 (s, 2 
H). 4.77 (t, y = 4.7 Hz. 2 H). 3.84 (t, 7- 4.5 Hz. 2 H). 3.42 (t. J- 6.2 Hz, 2 H). 2.82 (t. J - 
73H2.2H).1.89(ni.2H) 

IR(KBr) 3302. 3187. 2868. 1637, 1561. 1418, 1139 cm' 
30 HRMS (H) calcd for Cj»HioN«0 (M*) 348.1699, found 348.1700. 
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Examples 

142-(3-P)Tidin-4-ylpropoxy)ethyl]-l/^imidazo[4,5-c]quinolin-4^^ 
NH, 




PaitA 

5 Using the general mefliod of Example 4 Part B NJ^-{bis ben2yloxycaibonyl)-l-(2- 

(2-piopynyloxy)ethyl]-l/f-in]idazo[4,5-c3qninolin-4-amine (2.00 & 3.74 nunol) was 
leacted wifli 4-biomopyridiiie (0.8 g, 4.12 mmoO to provide 1.47 g of a mixtnre of mono 
aal dibdnzyloxycaibonyl protected l-{2-[(3-pyridm-4-ylprop-2-yn^ 

imidazo{4,5-c]quinolin-4-amine. 
10 'H NMR (300 MHz, DMS0-d6) 6 8.46 (m. 3 H). 8.43 (s, 1 H), 8.12 (m, 1 H). 7.72-7.76 
(m. 2 H). 722-7.28 (m, 5 H). 7.14-7.17 (m, 6 H). 5.18 (s. 4 H), 5.00 (t, /= 5.0 Hz, 2 H), 
4.45 (s. 2 H), 4.12 (t, 7= 4.0 Hz, 2 H) 
MS (CI) for CJ6H29N5OJ m/z 612 (MH*), 568. 344 
FaitB 

15 Palladhim hydroxide (0.57 g of 20% on carbon) was added to a sohition of flie 

maleiialftomPartAinmethanoH-lOmL). TTie mixture was hydrogenatcd at 50 psi (3.5 
Kg/cm*) for 5 hours. More catalyst (0.07 g) was added and the hydrogenation was 
continued for another hour. Hie reaction mixture was filtered to remove catalyst and the 
filter cake was fliorou^ washed with meflianol. The filtrate was concentrated under 

20 reducedpressure. The residue was purified by column chromatography elutmg with 6/3/1 
ethyl acetate/methanol/hexane and then triturated with diethyl ether to provide a solid. 
This material was further purified by column chromatography ehiting wifli 9/1 
dichloromethane/methanol widi ammonium hydroxide to prowde 0.20 g of l-l2-(3- 
pyridin-4-ylpropoxy)cthyl]-l/f-imidazo[4,5-c]quinolin-4-amine as a soM, m.p. 160- 

25 162'C. 
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Analysis. Calculated for C20H21N5O: %C, 69.14; %H. 6.09; %N. 20.16. Foiind: %C, 
69.17; %H, 6.09; %N, 19,79 

^HNMR (300 MHz. DMS0-d6) 5 8.29 (dd. J« 2.6, 1.8 Hz. 2 1^, 8.18 (s, 1 H), 8.1 1 (d, J 
- 8.2 Hz, 1 H), 7.62 (dd. 7= 7.1, 1.4 Hz. 1 H), 7.45 (dt, 6.9. 1.7 Hz, 1 H), 7.23 (dt, 
5 6.7. 1.3 Hz, 1 H). 6.91 (dd. J= 4.4. 1.3 Hz. 2 H), 6.62 (s, 2 H), 4.81 (t, 7= 5.0 Hz, 2 H). 
3.82 (t, 7 = 5.0 Hz, 2 H), 2.38 (t. 7= 7.6 Hz. 2 H). 3.28 (t, J* 6.1 Hz, 2 H). 1.64 (m, 2 H) 
IR(KBr) 3418, 3100, 1698, 1595. 1531. 1094. 767 cm'' 
HRMS (EI) calcd for CaoHziNsO (Nf*) 347,1746, found 347.1747 

10 Example 6 

l-[2-(3-Pyridm-2-ylpropoxy)e1hyll-lZf-imidazo[4^ 




PartA 

Under a nitrogen atmosphere NJ^-(bisbenzyloxycarbonyl)-l-[2-(2- 
1 5 |m)pyny loxy)ethyll-l/f-imida2o[4,5-c]quinolin-4-amine (2.5 g, 4.68 mmol), anhydrous 
acctonitrile (20 mL), triethylaminc (1.7 mL, 12.2 mmoO, and 2-bromopyridine (0.5 inL, 
5,14 mmol) were combined and tiie resulting homogeneous mixtuie was heated to 40^. 
Copper (I) iodide (0.036 ^ and dichlorobis(triphcnylphosphine)palladium(II) (0.066 g) 
were added After 1 8.5 hours the reaction mixture was partitioned between ethyl acetate 
20 and aqueous sodimn bicarbonate. The organic faction was washed with brine, dried over 
magnesium sulfete and tiien concentrated under reduced pressure. The residue was 
purified by column chromatography eluting with 1/9 hexane/ethyl acetate to provide 0.9 g 
of a mixture of memo and di benzyloxycarbonyl protected l-{2-[(3i?(yridiii-2-ylprop-2- 
ynyl)oxy]ethyl)-l/f-imidazo[4^-c]quinolin-4-amine. 
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'H NMR (300 MHz. DMS0-d6) 6 8.50-8.54 (m, 2 H), 8.44 (s, IH), 8,12 (m, 1 H), 7.71- 
7.77 (m, 3 H), 7.34-7.39 (m, 1 H), 7.23-7.29 (m, 7 H), 7,14-7.17 (m. 4 H), 5,19 (s, 4 H), 
5.01 (t. y = 4.6 Hz, 2 H), 4.46 (s, 2 H), 4.10 (t, 4.8 Hz, 2 H) 
MS (CI) for C36H29N505Tn/z 612 (MH*), 568, 460 
5 PartB 

Palladium hydroxide (0.776 g of 20% on carbon) was added to a solution of tiie 
material from Part A in methanol. The mixture was hydrogenated at 45 psi (3.2 Kg/cm^) 
for 2.5 hours. The reaction mixture was filtered to remove catalyst and tiie filter cake was 
thoroughly washed with methanol. The filtrate was concentrated under reduced pressure 

10 to provide a glassy solid. Thismaterial was triturated with diethyl ether and hexane 

containing a small amount of toluene. The resulting powder was isolated by filtration and 
dried at 78"C overnight in a vacuum oven. This material was fiirther purified by column 
chromatography eluting with 971 dichlorometibane/methanol with a few drops of 
ammonium hydroxide to provide 25 mg of l-[2-(3-pyridin-2-x^>ropo3cy)eQiyl]:l^- 

15 iinidazo[4,5-c]quiiiolin^aiiune as a solid, m.p. 138-140°C. 

Analysis. Calculated for CtoHhNsO'CHiOw: %C, 68.43; %H. 6.15; %N, 19.95. Found: 
%C, 68.47; %H, 5.95; %N, 19.63 

'H NMR poo MHz, DMS0-d6) 8 8.41 (d, J= 4.4 Hz, 1 H). 8.16 (s. 1 H), aiO (d. J= 7.7 
Hz, 1 H). 7.63 (d, J= 8.4 Hz, 1 H). 7.54 (dt, 7 = 9.7, 1 .7 Hz. 1 H), 7.43 (t, /= 7.3 Hz. 1 
20 H), 7.24 (t, J= 7.5 Hz. 1 H). 7.13 (t. 7= 5.5 Hz, 1 H). 6.93 (d, 7= 7.6 Hz. 1 H), 6.59 (s, 2 
H). 4.77 (t. y = 5.1 Hz. 2 H), 3.82 (t, J= 5.5 Hz, 2 H). 3.34 (t. 7= 6.3 Hz, 2 H), 2.57 («,/= 
7.3 Hz, 2 H), 1.75 (m, 2 H) 

m (KBr) 3361, 3302, 3188. 1638. 1526, 1119. 751 cm ' 

HRMS (EO calcd for CjoHjiNjO (M*) 347.1746. found 347.1747. 
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Example 7 

l-{2-[3-(l,3-TWazol-2-yl)pxopoxy]etiiyl}-lH4midazo[4,5-c]quinolm 




5 PaitA 

Under a nitrog^ atmospbeie NJ^-{Bisbenzyloxycaibonyl)-l-[2-{2- 
propynyloxy)cthyl]-lH-iimdazo[4,5-c]qumolin^ (325 g, 6.08 mmol), anhydrous 
N^-dimethylfonnamide (1 5 mL), triethylaminc (2J2 mL, 15.8 mmol) and 2- 
bromothiazole (0.6 mL, 6.69 mmol) were combined and heated to 80*^:. Copper (I) iodide 

10 (0.046 g) and dichlorobis(triphenylphosphine)palladinm (II) (0.085 g) were added. After 
2 houis die reaction was stopped and the solvent was removed. The crude product was 
purified by column chromatography eluting with 8/2 ethyl acetate/hexane to provide -2 g 
of a mixture of mono and di benzyloxycaibonyl protected l-(2-{[3-(l,3-tfuazol-2-yl)prop- 
2-ynyl]oxy}cthyl)-lif-inMdazo[4,5-c]quinolin-4-arnine. 

1 5 'H NMR (300 MHz, DMSO-d6) 5 8.47-8.50 (m, 1 H), 8.44 (s, 1 H). 8,1 1 (m, 1 H). 7.89 
(d, J= 3.2 Hz, 1 H), 7.85 (d. /= 3.3 Hz, 1 H), 7.31-7.77 (m, 2 H), 7^^3-7.28 (m, 6 H), 
7.14-7.17 (m, 4 H), 5.20 (s, 4 H), 5.00 (t, J= 5.0 Hz. 2 H), 4.52 (s, 2 H), 4.09 (t, 7 = 5.5 
Hz,2H) 

MS (CI) for C24H27NJO5S m/z 61 8 (MH*), 475, 466 
20 PartB 

Palladium hydroxide (-2 g of 20% on carbon) was added to a solution of the 
material from Part A in mctbanoL The mixture was hydrogenated at 45 psi (3.2 Kg^cm^) 
for 3 hours. More catalyst (0.3 g) was added twice and the hydrogenation was continued 
for a total of -25 hours. Thcreactionniixture was filtered to remove the catalyst The 
25 filtrate was concentrated under reduced pressure to provide 1.3 g of mono 

ben^loxycarbonyl protected l.{2-[3-(l,3-thiazol-2-yl)propoxy]ethyl}-l/f-imida2o[4.5- 
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c]quinolin-4-amiiie. This material was combined with medianol (5 mL) and sodium 
methoxidc (25 mL of 25% in methanol). The resulting mixture was stined for 3 days. 
The reaction mixture was concentrated under reduced pressure and then piuified by 
column chromatography. The resulting material was triturated with diethyl ether and dried 
5 to provide 0.28 g of l-{2-[3-(l,3-thiazol-2-yl)propoxy]ethyl}-lH-imidazo[4,5-c]quinolin- 
4-amine as a solid, m.p. 134-135"C. 

Analysis. Calculated for C18H19N5OS: %C, 61.17; %H, 5.42; %N, 19.81. Found: %C, 
61.20; %H, 5.23; N, %19.51 

NMR (300 MHz, DMS0-d6) 8 8.16 (s, 1 H), 8.10 (d, J= 8.4 Hz, 1 H), 7.63 (m. 2 B^, 
10 7 JI (d.y = 3.3 Hz, 1 H), 7.43 (t, J= 7.1 Hz, 1 H), 7.23 (t, J= 8.0 Hz. 1 H). 6.58 (s, 2 H). 
4.79 (t. /= 4.7 Hz, 2 H), 3.84 (t. J= 4.8 Hz, 2 H), 3.4 (t, 7= 6.0 Hz, 2 H). 2.86 (t, J= 7.8 
Hz,2H),1.83(m,2H) 

IR(KBr) 3458,3358,3295, 3191, 1640, 1538,1121,752 cm-' 
HRMS (EI) calcd for CigH^NsOS (M*) 353.1310, found 353.1308. 

15 

Example 8 

l.[2-(3-Pyridin-3-ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinolin-4-amine . 
Bis(tTifluoroacetate) 




20 Part A 

Under a nitrogen atmosphere NJ4-(bis tert-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ethyl]-l//-imida2o[4,5-c]quinolin-4-amine (1.75 g, 3.75 mmol), 3- 
iodopyridine (0.85 g, 4.13 mmol), trie%lamine (1.4 mL) and acetonitrile (15 mL) were 
combined and then heated to 60"C. Copper (I) iodide (0.03 g, 0.15 mmol) and 
25 dichlorobis(triphenylphosphine)paUadium (H) (0.05 g, 0.075 mmol) were added. The 
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reaction was complete after 30 minates. The solvents were removed under reduced 
pressure. The crude product was purified by column chromatography (silica g^l eluting 
&st with dichloromethane and then with 9S/2 dichlorometiiane/methanol) to provide 126 
gof a mixture of di-BOC protected and unprotected l-{2-[(3-pyridin-3-ylprop-2- 

5 . ynyl)oxy]ethyl}-li/-iimdazo[4,5-c]quinolm-4-anune. 

*H NMR (300 MHz, DMS0-d6) 5 8,54 (bs, I H), 8.44-8.48 (m, 2 H), 8.4 (s, 1 H). 8.06 
(m, 1 H), 7,69-7.73 (m, 2 H). 7.54 (d, J= 7.6 Hz, 1 H), 7.35 (m. 1 H), 4.99 (t, J = 4.8 Hz. 
2 H), 4.40 (s, 2 H), 4.09 (t, J- 5.0 Hz, 2 H), 1.31 (s, 18 H), 
MS (CI) for C30H33N5O5 m/z 544 (MH*). 444, 344 

10 PaitB 

A solution of the material bom Part A in methanol was combined with catalyst 
(0.7 g of 10% palladium on carbon) and flie mixture was iQrdrogeDated at 45 psi {32 
Kg^cm^)for2hours. Thecatalystwasremovedby filtration and the filtrate was 
concentmted under reduced pressure to provide 0.67 g of a mixture of di-BOC protected 

15 and unprotected l-[2-(3-pyridin-3-ylpropbxy)ethyl]-l/^imidazo[4,5<]quinolin-4-amin 
^H NMR (300 MHz, DMS0-d6) 6 8.50 (d, J« 73 Hz, 1 H). 8.39-8.486 (m, 2 H), 8.29 (s, 
1 H), 8.07 (d, J= 8.4 Hz. 1 H), 7.71-7.75 (m, 2 H), 7.46 (d. 7- 8.5 Hz. 1 H), 7.31 (m, 1 
H). 4.94 (t, 7= 4.6 Hz, 2 H), 3.88 (t, J- 5.0 Hz, 2 H), 3.32 (t, 7= 5.9 Hz, 2 H), 2.38 (t. 
7.5 Hz, 2 H). 1.63 (m, 2 H), 1.30 (3, 18 1^, 

20 MS (CI) for C30H37N5O5 m/z 548 (MH*), 448, 348 
Parte 

Under a nitrogen atmosphere the material fiom Part B was combined with 
anhydrous dichlorometiiane (5 mL) and trifluoroacetic acid (5 mL). The reaction mixture 
was stirred at ambient temperature for 1 hr. The solvents were removed under reduced 
25 pressure. The residue was triturated with diethyl ether, isolated by filtration and then dried 
in a vacuum oven to provide a tan solid. This material was reciystaDized first fiom 
isopropyl alcohol and flien fiom dicUoromctbanc^ethanol to provide 0.40 g of \'{2'(3' 
pyridinO-ylpropoxy)ethyl]4/f-imidazo[4,5K:]quinolin-^^ bis(trifluoroacetate), m.p. 
134-136^. 

30 Analysis. Calculated for C2oH2iN50»(C2HF302)i»(H20)ifl: %C, 50.08; %H.423; %N, 
12.03. Found: %C, 49.87; %H, 3.82; %N, 12.16 
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'H NMR (300 MHz. DMSO^) 5 9.00-9.25 (bs, 2 H), 8.50 (s. 2 H), 8.37 (d. ^ = 7.7 Hz, 1 
H), 7.82 (d, 7= 7.4 Hz, 1 H), 7.73-7.75 (m, 2 H), 7.55-7.58 (m, 2 H). 4.90 (t, /= 4.9 Hz, 2 
H). 3.86 (t, J= 4.8 Hz, 2 H), 3.35 (t. J= 6.1 Hz. 2 H). 2.49 (t. /» 7.0 Hz, 2 H), 1.67 (m, 2 
H) 

5 IR (KBr) 3421, 3212. 2885. 1699, 1 199, 1 120, 720 cm"* 

HRMS (EI) calcd for C20H21N5O (M*) 347.1746, found 347.1743. 

Example 9 

l-[2K3-Pyri»nidm-5-yipropoxy)ctbyl]-lff-iim 




Part A 

Using the general method of Example 8 Part A, except that the reaction 
temperature was raised to 80^, N,N-(bis rert-butyoxycabonyl)-l-[2-(2- 
propynyloxy)ethyl]-li/-imidazo[4,5-c]quinolin-4-amine (2.5 g. 5.36 mmol) was coupled 
15 with 5-bromopyrimidine (0.94 g, 5.89mmol) to provide 1 .59 g of N,N-<bis tert- 
butoxycaibonyl)-l-{24(3-pyrimidin-5-ylpr6p-2-ynyl)oxy]ethyl}-l^ 
c]quinolin-4-amine. 

*HNMR (300 MHz. DMSad6) 6 9.19 (s. 1 H). 8.64 (s, 2 H), 8.44-8.47 (m, 1 H). 8.40 (s. 
1 H). 8.02-8.06 (m. I H). 7.68-7.72 (m. 2 H). 4.99 (t. 7« 5.0 Hz. 2 H), 4.43 (s, 2 H), 4.10 
20 (t,/« 52 Hz. 2 H), 1.32 (s, 18 H) 

MS (CI) for C29H32N<05 m/z 545 (MH*), 445. 345 
PartB 

A methanol solution of tiie material torn Part A was combined with catalyst ( 5% 
platinum on carbon, palladium hydroxide and 10% palladhmi on carbon were used in 
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succession) and hydrogenated to provide 0.60 g of NJT-0»s rert-butoxycaiboiQrl)-l-[2-(3- 
pyrimidin-5-ylpropoxy)ethyl]-l/f-iimdazo[44-c]qimolin-4 

*H NMR (300 MHz, DMS0-d6) 5 8.98 (s, 1 H), 8.48-8 J2 (m, 1 H), 8.45 (s, 2 H), 8.40 (s. 
1 H). 8.06-8.09 (m. 1 H), 7,70-7.74 (m, 2 H), 4.94 ft 7= 5.1 Hz, 2 H), 3.89 ft J= 5.0 Hz, 
5 2 H), 3.34 (m, 2 H), 2.34 ft J= 7.3 Hz, 2 H), 1.64 (m, 2 H), 1.29 (s, 18 H) 
MS (CI) for C29H36N6O5 m/z 549 (MH*), 449, 349 
Parte 

Using the general meAod of Example 8 Part C, the material from Part B was 
hydrolyzed to provide 0.14 g of l-[2-{3-pyrinudin-5-ylpropoxy)ethyl]-l/f-imidazo[4,5- 
10 c]quinolin-4-aniinB, m.p. 1 59-161^. 

Analysis. Calculated for Ci9H2oN60«(CaHF302)mo»(H20)i/4: %C, 63.27; %H, 5.70; •/oN, 
23.06. Found: %C, 63.47; %H, 5.35; m 22.88 

'H NMR (300 MHz, DMS0-d6) 6 8.98 (s, 1 H), 8.48 (s^ 2 1^, 8.19 (s, 1 H), 8.15 (d, /= 
8.0 Hz, 1 H), 7.63 (d, /= 8.6 Hz, 1 H), 7.46 (t, 7= 6.0 Hz, 1 H), 7.28 (t, 7= 8.4 Hz, 1 H), 
15 6.79 (s. 2 H), 4.81 (t, 7= 4.8 Hz, 2 H), 3.84 (t. 7» 5.1 Hz, 2 H), 3.35 (t, 7 = 6.0 Hz, 2 H), 
2.43 (t,7= 7.4 Hz, 2 H). 1.69 (m, 2 H) 
IR(KBr)3310, 3132, 1647, 1582, 1531, 1403, 1117 cm'* 
HUMS (EI) calcd for C19H20N6O (M*) 348.1 699. found 348.1695 
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Example 10 

l.{2-[{l-Bcii2yl4H-lA3-tria20l-4-yl)me1hoxy]ethyl}-lH-OT^ 

amine liydzocKloride 

l-{2-l(l-Benzyl-lif-1.23-triazol-5-yl)methoxy]ethyl)4H-inHdaM 

amine hydrochloride 





PaitA 

N^-(Bis bcnzyloxycarbonyl)-l -[2-(2-propynyloxy)ettiyl]-ll/-imida2o[4,5- 
10 clquinoHn^-amine (1.5 g, 2.81 mmol), anhydrous toluene (30 mL) and benzyl aade {13 
mL, 9.12 mmol) were combined and heated in an oil bath at 100"C for 28 hours. The 
reaction mixture was concentrated under reduced pressure to provide crude product as a 
brown oil. 
PartB 

15 Sodium methoxide (2.19 mL of 25% in methanol, 9.52 mmol) was added to a 

mixtunjofthematerial&omPartAandmethanol(20mL). The reaction mixture was 
allowed to stir at ambient Iraiperature overnight and &cn it was concentrated under 
reduced pressure to provide a dark oil. The oU was purified by column chromatography 
eluting wifli 5% methanol in dichloromcthano to provide a ligjit yellow oil. The oil was 

20 treated with 1.0 M hydrogen chloride to provide a pink solid. This solid was recrystallized 
twice from acctonitrilc and the resulting product was dried in a vacuum oven at 80^ for 2 
hours to provide 0.12 g of a mixture of the regio isomers of tiie desired product i.e. a 
mixture containing both l.{2.[(l.ben2yl4/r4^3-tria2ol-4-yl)methoxy]ethyl}-lif^ 
imidazo[4,5-<:lquinoline-4-amine hydrochloride and l-{2-[(l-benzyM/M^,3-triazol.5- 
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yl)mctlu>xy]e%l}-lH-iinidazo[4,5<]qumolmc-4-aniine hydrocWoride, as a light pink 
crystalline solid, m.p. 209-21 TC. 

Analysis: Calculated for C22H21N7O • 0^51 HCl • 0.615 H2O: %C» 59.35; %H, 5.25; %N. 

22.02; Found: %C. 59.46; %H, 5.16; %N, 22.05. 
5 ^H-NMR (300 MHz, DMS0-d6) 5 9.00 (br s, 2 H), 8.46 (s, I H), 8.28 (d, J=7.8 Hz, 1 H). 

7.98 (s, 1 H), 7.83 (br d, J=7.8 Hz. 1 H). 7,71 (br t, J=7.8 Hz, 1 H), 7.50 (br t, J=7.7 Hz, 1 

H) 7.20-7.40 (m, 5 H), 5.52 (s, 1.88 H), 5.39 (s, 0.12 H), 4.88 (t, J=4.9 Hz, 2 H), 4.52 (s, 2 

H), 3.95 (t, J=4.9 Hz, 1.88 H), 3.87 (t, J=5.1 Hz, 0.12 H) 

IR (KBr) 3152, 2638, 1672, 1605, 1126 cm-* 
10 HRMS (EI) calcd for C22H21N7O (M*) 399.1808, found 399.1802. 

Example 11 

l-l2-({l-[(Plicnylsulfenyl)methyl]-lH-U,3-tria2»l-4-yl}m 

c]quinoline-4-aminc . 
15 i-[2-({l4fflienylsulfanyl)methyl]-m-l,2.3-triazol-5-yl}^ 

c]quinoline-4-aniine 




Under a nitrogen atmosphere, anhydrous toluene (20 mL), N,N-(bis tert- 
butoxycarbonyl>l-[2K2-propynyloxy)ethyll-lif-imidazo[4,5-clqu^ (1-0 g, 

2.1 mmol) and azidomethyl phenylsulfide (0.61 mL, 4.3 mmol) were combined and heated 
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at reflux for 72 hours. The reaction mixture was allowed to cool to ambient temperature 
and then it was concentrated under reduced pressure to provide a brown oil. This material 
was purified by column chromatognq)hy eluting with 80/20 ethyl acetate/hexane to 
provide 0.95 g of product as a clear oil. 
5 MS (CI) for C32H37N7O5S m/z 632 (MH+). 532, 458. 432 
PartB 

A solution of the material from Part A in anhydrous dichloromethane (15 mL) was 
added to a mixture of trifluoroacctic acid (7.4 mL) and anhydrous dichloromethane (6 mL) 
which had been chilled to 0^. The reaction mixture was kept in an ice bath for 2 hours 

10 and &en aUowed to warm to ambient temperature. After 6 hours die reaction mixture was 
washed with 20% sodium hydroxide. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water, dried over 
magnesium sui&te, filtered and then concentrated under reduced pressure to provide a 
green oil. The oil was purified by column chromatography eluting with 5% methanol in 

15 dichloromethane to provide a green crystalline solid. This material was recrystallized 

from isopropanol to provide 0.12 g of a mixture of the legjo isomers of the desired product 
Le. a mixture contaming bodi l-[2-({l-t(phenylsulfianyl)methyl]-lfMA3-triazol-4- 
yl}methoxy)ethyl]-l/f-imidazo[4,5-<]quinoline-4-amine and l-[2-<{l- 
[ft)hcnylsulfenyl)methyl]-l/f-l,2,3-triazol-5-yl}meftoxy)ediyll-lfr-^ 

20 c]qumoline-4-amine, as an off-white solid, m.p. 1 82-1 84''C. 

Analysis: Calculated for C22H21N7OS: %C, 61.24; %H, 4.91; %N, 22.72; Found: %C, 
60.94; %H, 4.94; %N, 22.38. 

^H-NMR (300 MHz, DMS0-d6) 5 8.00-8.20 (m, 2 H), 7.87 (s, 0.8 H). 7.60-7.65 (m, 1 H), 
7.52 (s, 0.2 H), 7,40-7.50 (m, 1 H). 7.20-7.40 (m, 6 H), 6.65 (s, 2 H), 5.87 (s, 1.6 H), 5.65 
25 (s, 0.4 H), 4.83 (br t, J=4;6 Hz, 0.4 H), 4.78 (br t, J=4.9 Hz, L6 H). 4.49 (s, 1.6 H), 4.42 (s, 
0.4 H), 3.80-3.90 (m.2H) 
IR (KBr) 3322, 3205, 1643, 1527, 1095 cm* 
HRMS (EO calcd for C22H21N7OS (M*) 431.1528, found 43L1522. 
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Example 12 

1 -[2-{Benzo[b]fbM-2-ylme1iioxy)e%l]-lH-iinida2o[4^-^^ 




Part A 

5 Benzyltrimcthylanunonium chloride (0.436 g) and propaigyl bromide (6.07 mL of 

80%) were added with stirring to a mixture of dichloromcthane (1 85 mL) and aqueous 
sodium hydroxide (60 mL of 50%). 2-(lfWmidazo[4,5-c]quinolin-l-yl)ethanol (10,0 g, 
46.9 mmol) was added to ^ resultmg solution. The xeaction mixture was sdned at 
ambient temperature for 21 hours at which time analysis by HPLC showed lhat starting 

10 material remained. Anadditiontflequivalentof propargyl bromide was added and flie 

reaction mixture was stirred for an additional 46 hours. Water was added to ihe reaction 
mixture and the layers were separated. The aqueous fraction was extracted with 
dichloromethane. The organic fractions were combined, washed with water and with 
brine, dried over magnesium suifete and then concentrated under reduced pressure to 

1 5 provide a dark brown solid. This material was purified by flash chromatography (silica 
gel eluting with 5% methanol in dichlorometiiane) to provide 7.0 g of l-[2- 
propynyloxy)ethyl]-lif-iniidazo[4,5-c]quinoline as a brownish solid. 
PartB 

Under a nittogpn atoosphere, l-[2-(propynyloxy)etiiyl]-lH-imidazo[4.5- 
20 c]quinoKne (LO g, 4.21 mmol). triethylamine (1 .53 mL, 10.96 mmol) and anhydrous 

acctonitrile (20 mL) were combined and then heated to 60^. 2-Iodophenol (1.02 g, 4.63 
mmol), copper (I) iodide (0.08 g) and dichlorobis(triphenylphosphine)paUadram(II) (0.148 
g) were added. After 4 hours analysis by TLC (5% methanol in dicUoroimetiiane) 
indicated that the reaction was con^lete. The reaction mixture was filtered flirough a 
25 layer of Celitc® filter aid to remove the catalysts. The filtrate was concentrated under 
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reduced pressure to provide an oil. This material was purified by flash chromatography 
(silica gel eluting with 3% methanol in dichloromethane) to provide 0.91 g of l-[2- 
(bcnzo[b]furan-2-ylmethoxy)c%ll-li/-imidazo[4,5-c]quinoline as a yellow oil. 

Parte 

5 3-Chloroperoxyben2»ic acid (0.65 g) was added in portions over a period of 5 

minutes to a solution of the material IBrom Part B in chlorofonn (15 mL). The progress of 
the reaction was monitored by TLC, More 3-chloroperoxybenzoic acid (2 X 0.2 g) was 
added. After 1 .5 hr the reaction mixture was washed twice wi& aqueous sodium 
bicarbonate, back extracted with chloroform, washed with brine and then concentrated 

10 under reduced pressure to provide l-[2-(ben2o[blfuranr2-ylmeAoxy)e1hyl]-llf- 

imidazot4,5-c]quinoline-5N-oxide. Tbt material was stored under nitrogen at a reduced 

temperature over the weekend. 

PartD 

Under a nitrogen atmosphere, trichloroacetyl isocyanate (0.60 g, 3.18 mmol) was 
15 slowly added via a syringe to a solution of the N-oxide firom Part C in dichloromethane 
(15 mL). The volatiles were removed under reduced pressure to provide 2^>trichloro- 
(142-(benzo[b]fuian-2-yhnethoxy)ethyl]-m-imidazoH^^^ as a 

tansoHd. This material was dissolved m methanol (15 mL). Sodium me&oxidc (2.04 mL, 
9.01 mmol) was added and the resultmg solution was allowed to stir for 48 hours. A white 
20 precipitate was isolated by filtration and then recrystallized firom acetonitrile to provide 

022 g of l-[2-(benzo[b]fuTan-2-yhnethoxy)ethyl]-lH-inudazo[4^^^^ as 
off-white needles, m.p. 201-203**C. 

Analysis: Calculated for C2iHigN402: %C. 70 J8; %H, 5.06; m 15.63; Found: %C. 
70.36; %H, 4.80; %N 15.51. 
25 *H-NMR (300 MHz, DMS0-d6) 5 8.16 (s, IH), 8.06 (d. J= 7.8 Hz, IH), 7.49-7.62 (m, 
3H). 7.42 (m. IH). 7.16-7.31 (m, 3H), 6.76 (s, IH), 6.58 (br s, 2H), 4.83 (t. J» 5.4 Hz, 
2H). 4.61 (s. 2H), 3.97 (t. J- 5.1 Hz. 2H) 
IR(KBr) 3455. 3069. 1583, 1530. 1397, 1254. 1088 
HRMS (EO calcd for C21H1SN4O2 (M*) 358.1430, found 358.1428. 
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Example 13 

l-[2-(Pyridin-3-ylmethoxy)ethy^l/f-imida2o[4,5-c]qi^ 




PartA 

5 Under a nitrogen atmosphere, sodium hydride (1 6.88 g of 60% in mineral oil, 422 

mmol) was added in portions to a solution of 2-(lif-imidazo(4,5-c]quinolin-l-yl)etonol 
(60.0 g, 281 mmol) in anhydrous N,>l-dime%lfonnamide (600 mL). The aScoxide was 
allowed to stir for about 1.5 hours. Benzyl bromide (50.2 mL» 422 mmol) was slowly 
added over a period of about 30 minutes. The reaction-mixtiue was allowed to stir at 

10 ambient tmperature overnight Solvent was removed under reduced pressure. The 

residue was takrai up in ethyl acetate, washed several times with water, washed with brine, 
dried over magnesitmi sulfate and then concentrated under reduced pressure to provide 1- 
[2-(benzyloxy)cthyl]-l/f-iinidazo[4,5-c]quinolinc as a dark oil. 
^H-NMR (300 MHz, DMSOd6) 6 922 (s, IH), 8.42 (s, IH). 8.40 (s. IH), 8.17 (m. IH), 

15 7.69 (m. 2H). 7.10-722 (m, 5H), 4.95 (t. J= 5,1 Hz, 2H), 4.45 (s, 2H). 3.93 (t, J= 5.1 Hz, 
2H) 

MS (CI) for C19H17N3O m/z 304 (MH*), 214 
PartB 

3-Chloroperoxybenzoic acid (69.36 g of 77% maximum) was added in portions 
20 over a period of 1 5 minutes to a solution of l-[2-(bcnzyloxy)ethyl]-lif-imidazo[4,5- 

cjquinohne (85.36 g, 281 mmol) in chloroform (800 mL). After 1 hour analysis by TLC 
(10% me&anol in dichloromethane) showed that the reaction was complete. The reaction 
mixture was washed with saturated sodium bicarbonate (twice), washed brine, dried 
over magnesium sul&te and dien concentrated under reduced pressure to provide a solid. 
25 The solid was slurried witii ctieHiyl ether and &en isolated 1^ filtration to provide l-[2- 
(ben2yloxy)ethyl]'-l/f-imidazo[4,5-c]quinoline-5N-oxide as a dark yellow solid. 
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Parte 

Phosphorous oxychloride (12.84 mL, 138 mmol) was slowly added to a mixtiire of 
K2-<ben2yloxy)ethyl]-lH-imidazo[4^-clquiiioli^ (40.0 g, 125 mmol) and 

anhydrous toluene (600 mL). The reaction mixture was allowed to stir for about 30 

5 minutes and then the volatiles were removed under reduced pressure. The resulting red oil 
was dissolved in dichloromethane, washed twice with saturated sodium bicarbonate, and 
then concentrated under reduced pressure. An attempt to recrystallize the residue from 
ethyl acetate resulted in a gum. The material was taken up in ethyl acetate (500 mL) and 
. then combined with triethylamine (25.34 g, 250 mmol). The solution was chilled in an ice 

10 bath and the precipitate was isolated by filtration. The material changed back into an oil 
shortly after filtratioiL The oil was taken up in dichloromedume, combmed with Ae 
filtrate and then concentrated under reduced pressure to provide an oil This material was 
partitioned between dichloromethane and 15% sodimn iQ^xidc. The organic fraction 
was washed with brine, dried over magnesium sulfete and then concentrated under 

15 reduced pressure to provide an oil. This oil was further purified by flash chromatography 
(silica gel eluting first v^th dichloromethane, then with 2% methanol in dichloromethane 
and then with 5% methanol in dichloromethane) to provide -21 g of l-t2« 
(ben2yloxy)ethyl]-4-chIoro-l/f-iinidazo[4,5-c]quinolino. 

•H-NMR (300 MHz, DMS0-d6) 5 8.47 (s, IH). 8.42 (d4 7 « 8.3, 1.5 Hz, IH), 8.08 (dd, J 
20 - 8.3, 1.5 Hz, IH). 7.72 (m. 2H), 7.04-7.17 (m, 5H), 4.96 (t, 7= 5.1 Hz, 2H). 4.44 (s. 2H). 
3.92 (t.J=5.1Hz.2H) 

MS (CI) for C19H16CIN3O m/z 338 (MH*), 309, 248, 214 
PartD 

Phenol (6.21 g, 66 mmol) was added in portions to a chilled suspension of sodium 
25 hydride (2,79 g of 60% in mineral oil, 69.7 mmoQ in diglyme (25 mL). When bubbling 
had subsided, a solution of die material from Part C in diglyme (10 mL) was added in a 
single portion. The resulting solution was heated to 1 10"C and stirred overnight Analysis 
by TLC (3% methanol in dichloromethane) indicated tiiat the reaction was complete. The 
sohition was cooled to 0^ and a brown precipitate formed. The diglyme was decanted 
30 off. The soHd was slurried with hcxane and tiien isolated by filtration. The soUd was tiien 
slurried witti water, isolated by filtration and dried in an oven overnight The solid was 
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rcciystallizcd fiom isopropanol to prowde 19.3 g of l-[2-(beirqrloxy)elhyi]-4-pheno3qr- 
lH-iimdazo[4,5-c]quinoIine as a soUd. 

'H-NMR (300 MHz, DMSCW6) 5 8.39 (s, IH). 8.32 (dd, J= 8.3, 1.5 Hz, IH), 7.69 (dd, J 
= 8.3. 1.5 Hz, IH). 7.46-7.59 (m, 4H). 7.12-7 J3 (m. 8H). 4.93 (t, 5.1 Hz, 2H). 4.47 (s, 
5 2H).3.94(t.J=5.1Hz,2H) 

MS (CI) for C2SH21N3O1 m/z 396 (Mtf), 306, 288 
PaitE 

Under a nitrogen atmosphere, triflic acid (29.0 g) was added dropwise to a solution 
of l-(2-(benzyloxy)ethyl]-4-phenQxy.Lff-imidazo[4,5-c]quinoline (7.65 g) in anl^rdious 

10 dichloromethane (200 mJL). When analyas by TLC (5% meAanol in dicUoromcthane) 
indicated fluit Ae reaction was cmiqilel^ reaction mixture was concen^^ 
reduced pressure to provide an oiL This material was dissolved in ethyl acetate and flien 
combined vrith triedqrlamine (10 eq.). The solution was diluted with additional eftyl 
acetate, washed wifli water, washed with brine, dried over nwgnesiimi sulfete and then 

15 concentrated under reduced pressure. The residue was rccrystallized fiom ethyl acetate to 
provide -4.8 g of 2-(4-pheno^-lJH^imida2o[4,5-c]quinolin-l-yl)ethanol as a white fluffy 

solid. 

'H-NMR (300 MHz, DMS0-<16) 5 834 (m. IH). 832 (m, IH), 7.70 (m, IH). 7.46-7.60 
(m, 4H). 7.25-731 (m. 3H), 5.06 (t, 7= 5.4 Hz, IH), 4.76 (t, J= 5.4 Hz. 2H). 3.90 (q,y= 
20 5.4Hz,2H) 
PartF 

3-(Bromomethyl)pyridine hydrobromide (0.638 g, 2.52 mmol) was added in a 
smgle portion with stirring to a solution containing 2-(4-phenoxy-l^-nnidazo[4.5- 
clquinoUn-l-yl)ethanol (0.7 g, 2.29 mmol), benzyltrimethylammonium chloride (-^.03 g), 

25 sodium hydroxide (28 mL of 50%) and dichloromethane (28 mL). After 3 hours analysis 
by TLC (5% methanol in dichloromeflunc) indicated diat Ae reaction was con^jkte. The 
reaction mixtuiB was diluted with water (100 mL) and dichloromethane (100 mL). TTie 
layers were separated and ttie aqueous fiaction was esdracted witfi dichloromelhane (100 
mL). The organic tactions were combined, washed withbrine, dried over magnesium 

30 suifete and flien concentrated under reduced pressure to provide a daikyeUow solid. This 
material was purified by flash chromatography (silica gel eluting with 5% methanol in 
dichloromethane) to provide 0.74 g of 
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4-phenoxy-l-[2-{pyridin-3-ylmethoxy)ethyl]-lH-iimda2o[^^ as a bright 

yellow solid. 

'H-NMR (300 MHz, DMS0-d6) 8.42 (dd. J= 4.9, 2.0 Hz, IH), 8.38 (s, 2H), 8 J3 (dd, 
8.3, 1 .5 Hz. IH), 7.70 (dd, J= 8.3, 2.0 Hz, IH), 7.46-7.59 (m, 5H), 7.22-7.33 (m. 4H), 
5 4.96 (t, J= 4.9 Hz, 2H), 4.52 (s, 2H), 3.98 (t, J= 4.9 Hz, 2H) . 
MS (CI) for C24H20N4O2 m/z 397 (MH*), 306, 2iB8, 212, 1 10 
PartG 

4-Phenoxy-l-[2-(pyridin'3-ylraethoxy)e%l]-lH-iiiudazo[4,5-c^ (0.67 g, 

1.69 mmol) and ammonium acetate (1.30 g, 16.9 mmol) were combined and heated to 

10 1 SO^'C. After 5 hours analysis by TLC (10% methanol in dichloromedianc) showed 

starting material. More ammonium acetate (5 g) was added. Aftot 1 hour TLC mdicated 
that iSbc reaction was complete. The reaction mixture was allowed to cool to ambient 
temperature overnight The resulting brown oil was combined widi water (100 mL) and 
made basic (pH 9) with sodium bicarbonate. The product was extracted into 

1 5 dichloiomethane (2 X 100 mL). Hie extracts were combined, washed with brine, dried 
over magnesiimi sulfete and then concentrated under reduced pressure to provide an off- 
white gummy solid. This material was purified by flash chromatography (silica gel 
eluting with 10% methanol in dicWoromethane) to provide 0.40 g of a gummy white solid. 
This material was dissolved in methanol (10 mL). Hydrogen cWoride/dietfiyl ether (5 eq) 

20 was added dropwise and the mixture was allowed to stir fori hour. Theresuhing 

precipitate was isolated by filtration, rinsed with diethyl cllier and dried in a vacuum oven 
to pro^de 0.358 g of l-[2-(pyridin-3->imethoxy)ethyl]-lH-imidazo[4,5-<:]qumolin-4- 
amine hydrochloride as a light yellow solid, m.p. 229-23 rC. 
Analysis: Calculated for Ci»H|7N50 • 2.75 HCl • 0.4 H2O: %C, 50.62; %H. 4.85; %N, 

25 16.40; Found: %C, 50.44; %H, 4.96; %N, 16.19. 

'H-NMR (300 MHz, DMS(>46) 5 8.78 (d, J= 5.4 Hz, IH), 8.71 (s, IH), 8.56 (s, IH), 
8J4 (d. J= 8.3 Hz, IH), 8.26 (d, J= 7.8 Hz. IH), 7.90 (dd, 7- 7.8, 5.9 Hz, IH). 7.84 (d, J 
= 8.3 Hz. IH). 7.72 (t, J'- 7.8 Hz, IH). 7.54 (t. J= 7.8 Hz. IH), 4.98 (t. 7= 4.9 Hz, 2H). 
4.69 (s, 2H), 4.04 (t. 7- 4.9 Hz. 2H) 

30 MS(CI)forCi«Hi7N50*HCl(iiM)*H20cw)»^z321 (MH*).229. 
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Example 14 

l-t2KPyri<im-2-ylmetiK)xy)e%l]4H-iimdazo[4 




5 PartA 

Using tbe general method of Example 13 Part F, 2-(4-phenoxy-lif-imidazo[4,5- 
c]quinolin-l-yl)ethanol (0.9 g, 2.95 mmol) was reacted with 2-picolyl chloride hydrogen 
chloride (0.53 g, 3.24 mmol) and the product purified to provide 0.65 g of 4-phcn03qr-l- 
[2-(pyridin-2-yhnedioxy)cthyl]-lH-imidazo[4,5-c]quirioB^^ 
16 'H-NMR (300 MHz. DMS0-d6) 8.41 (m. 2H), 8.34 (dd,^= 8.3, 1.5 Hz, IH). 7.70 (dd./ 
- 8.3, 1.5 Hz. 2H). 7.46-7.66 (m. 5H), 7.18-7.33 (m, 4H). 730 (d, 7.8 Hz. IH). 4.98 (t. 
y =4.9 Hz, 2H), 4.55 (s. 2H), 4.04 (t, /- 4.9 Hz, 2H) 
Parte 

The material from Part A and ammonium acetate were combined and heated to 
15 1 50X. After 5 hours analysis by TLC (10% methanol in dichloromcthane) indicated that 
the reaction was complete. Hie reaction mixture was allowed to cool to ambient 
temperature, then it was combined with water (100 mL) and made basic (pH 9) with 
sodium bicarbonate; The resulting white precipitate was isolated by filtration and then 
slurried with dieAyl ether. The resulting white soUd was isolated by filtration and then 
20 recrystallized from acetonitrile to provide 0.18 g of l.[2-^^ 

imidazo[4,5-<;]quinoUn-4-amine as a white solid, m.p. 196-198"C. 

Analysis: Calculated for CgHnNja %C, 67.70; %H. 5.37; %N, 21.93; Found: %C, 

67.86; %H, 5.31; yoN, 22.13. 

^H-NMR (300 MHz. DMS0-d6) 5 8.43 (d, J=4.9 Hz, 2H). 8,20 (s, IH). 8.09 (d, J= 6.8 
25 Hz. IH). 7.63 (dt, J« 8.3, 1.5 Hz. 2H). 7.43 (dt, J= 83, 1.5 Hz, IH), 7.19-7.24 (m, 2H). 
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7.12 (d. /=7.8 Hz, IH), 6.53 (br s. 2H). 4.87 (t. J= 5.1 Hz, 2H). 4.54 (s, 2H), 3.99 (t, 
5.1Hz,2H) 

MS (CO for C18H17N5O m/z 320 (MH*), 229, 211. 

5 Example 15 

l-[2-(Pyridin-4-ylinethoxy)ethyl]-l/f-imidazo 




Part A 

10 Using the general meAod of Example 13 Part F, 2-(4^benoxy-l/r-unida2o[4,5- 

c]qumolm-l-yl)ethanol (1.1 g, 3.61 mmol) was reacted with 4-picolyl chloride hydrogen 

chloride (0.649 g, 3,96 mmol) and the product purified to provide -0.3 g of 4-phenoxy-l- 

[2-<pyrid]n-4-yhnetfaoxy)ethyl>l/r-imidazo[4,5-c]quinoline. 

>H-NMR (300 MHz, DMS0-d6) 5 8.41 (s, IH), 8.39 (s, IH), 8.34 (dd./= 7.8, L5 Hz, 
15 2H), 7.70 (dd, 7= 7.8. 1.5 Hz, IH), 7.46-7.60 (m, 4H), 7.25-7.33 (m, 3H). 7.10 (d,y= 5.9 

Hz, 2H), 5.00 (t, y = 4.9 Hz, 2H), 4.53 (s, 2H), 4.00 (t, J= 4.9 Hz, 2H) 

MS (CI) for C24H20N4O2 m/z 397 (MH*). 306, 288. 212. 110 

PartB 

Using the general mc&od of Example 14 Part B, 4-phenoxy-l-[2-^yridin-4- 
20 yhnetiio3iy)ethyl]-lH-imidazo[4,5-c]quinolinc (0.25 g) was aminatcd to provide 0.14 g of 
l-[2-<pyridin-4-yhnctboxy)e&yl]-lfr-imidazo[4,5-c]qu^ as a soKd, m.p. 159- 

161"C. 

Analysis: Calculated for QgHnNsO: %C, 67.70; %H. 5.37; %N, 21.93; Found: %C, 
67.37; %H. 5.31; %N, 22.49. 
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10 



'H-NMR (300 MHz. DMSO-d6) 8 8.40 (dd,y = 4.4, 1.5 Hz. 2H), 8.20 (s, IH), 8.09 (d./- 
8.3 Hz. IH), 7.62 (d,/= 8.3 Hz, IH). 7.43 (m, IH), 7.21 (m. IH). 7.10 (d, J=5.4 Hz, IH), 
6.54(br8. 2H). 4.87 (t,7= 5.1 Hz. 2H). 4.51 (s,2H). 3.94 {t,y= 5.1 Hz. 2H) 
MS (CI) for CnHnNsO m/z 320 (MH*), 229, 136 

Example 16 

l-{2-[(3,5-Dimethylisoxa201-4-yl)mcflioxy]ethyl}- 
lff-iniidazo[4.5-c]quinolin-4-ainine 
NH. 




FattA 

Using Ibe general method of Example 13 Part F. 2-(4-phenaxy-ltf-imidazo[4,5- 
clqiimolm-l-yI)ethanol (0.82 g. 2.69 mmoO was reacted with 4-(chloromcthyl>3,5- 
dimcfliylisoxazole (0.43 g. 2.95 mmol) and purified to provide 0.59 g of l-(2-[(3.5- 
15 dimethylisoxazoM-yl)methoxy]ethyl)^phenoxy-l/f-imidazo[4.5-c]qui^^ as a white 

foamy solid. 

'H-NMR (300 MHz, DMS0^6) 5 8.29-8.32 (m. 2H). 7.70 (dd. J = 7.8, 1.5 Hz, IH), 7.46- 
7.60 (m, 4H), 725-7.32 (m. 3H) 4.89 (t, J=5.1 Hz, 2H), 4.24 (s, 2H), 3.89 (t. J= 4.9 Hz. 
2I^,2.16(s.3H),1.93(8,3lH) 
20 MS (O) for C24H2jN*0, in/z 415 (MH*), 306, 212, 112 
FartB 

Using the general method of Example 14 Part B, the material from Part A was 
aminated to provide 039 g of l-{2-[(34-ciimethylisoxazoI-4-yl)mcthoxy]ethyl}-lif- 
imida2o[4,5-c]quinolin-4-amine as a white solid, m.p. 213-21 5°C. 
25 Analysis: Calculated for CHwNjOi: %C. 64.08; %H, 5.68; %N. 20.76; Found: %C 
64.02; %H. 5.53; %N.21.01. 
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'H-NMR (300 MHz. DMSOdQ 5 8.12 (s, IH). 8.05 (dd. J = 83. 1.0 Hz. IH), 7.61 (dd, / 
= 8.3, 1.0 Hz. IH), 7.43 (m. IH), 7.21 (m, IH). 6.52 (br s, 2H), 4.79 (t. 7= 5.1 Hz, 2H), 
4.23 (s, 2H). 3.85 (t. J = 5.1 Hz, 2H), 2.20 (s. 3H), 1.97 (s, 3H) 
MS (CI) for CgHwNstH m/z 338 (MH^. 229, 112 

Example 17 

l-{2-{(3-(Pyrimidin-2-yl>2-propynyl]oxy}ethyl)- 
lif-iinidazo[4,5-c]qainolm-4-iuiiiiie trifluoioacetate 




10 Under a nitrogen atmosphere. l-[2-<2-propjTiyloxy)efliyl>lff-iimdazoI4,5- 

c]quinolm-4-ainine (1.0 g, 3.7 niinol), triethylamine (1.0 g, 9.7 mmol) and anhydrous 
N J^-dimethylfoimamide (20 mL) were combined. The resulting solution was heated to 
65"C . Copper (I) iodide (0.07 g, 0.4 mmol). dichlorobis(triphenylphosphine)palladium(II) 
(0.13 g. 0.2 mmol) and 2-bromopyiimidine (0.65 g, 4.1 mmol) were added and the 

15 reaction mixture was stined at 65«C overnight The N.N-dimethylfoimamide was 

removed under reduced pressure to provide crude product as a tar. This tar was purified 
first by column chromatography (sBica gel eluting with dichloromefliane) and then by 
semi-preparative HPLC using Metiiod A to provide 0.05 g of l-(2-{[3-(pyTimidin-2-yI)-2. 
propynylloxy}ethyl)-lff-iidda2o(4,5-c]quinolin-4-amine trifluoroecetate as a spongy 

20 white 8oUd,m.p.214-215«C. 

Analysis: Calculated for C„H,6N«0 • 1.5 CiHPjOi ' 03 H2O: %C, 50.67; %H, 3.51; %N. 
16.12; Found: %C, 50.67; %H, 3.11; %N. 16.14. 

'H-NMR (300 MHz; DMSO-d«) 5 (ppm) 9.l69(s,lH), 8.646(s.2H). 8.497(s.lH). 
8.328(dJ=8.3Hz,lH). 7.773(d.J=6.9Hz,lH). 7.703(t.J=6.7Hz.lH), 7.558(t,J=7.2Hz,lH), 
25 .4.942(y=4.8Hz,2H),4.447(s,2H),4.073(tJ=4.9Hz,2H). 
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5 



Example 18 

H2-{[3-(Pyrid-4-ylV2i)ropynyl]oxy}e%l)-li^iim 

bis(trifluoToacetate) 




O 




Under a nitrogen atmosphere, i-[2-(2-propynyloxy)ethyl]-l/f-imidazo[4,5- 
c]quinolin-4-amine (0.5 g, 1 .9 mmol), triethylamine (0.5 g, 4.9 mmol), copper (I) iodide 
10 (0.036 g, 0.2 mmol), 4-bromopyridine (0.51 g, 2.6 mmol) and acetonitrile (20 mL) were 
combined and stirred at ambient temperatuare. 

Dichlorobis(tripbenylphosphinc)palladinm(II) (0.066 & 0.1 mmol) was added. The 
reaction mixture was heated at reflux overnight The acetonitrile was removed under 
reduced pressme. The residue was taken up in didiloromethane and meAanol and (hen 
1 5 put flirough a basic alumina column. The fractions were combined and concentrated under 
reduced pressure. The residue was triturated with acetonitrile. The resulting solid was 
isolated by filtration and then purified by semi-preparative HPLC using Method A to 



provide 0.1 g of H2-{t3Kpyrid-4-yl)-2-propynyl]oxy}ethyl)-lH-imidazot4,5-^]qumoH^^ 
4-amine bis(tri£hioroacetate) as a gray fluffy solid, m.p. 135**C (dec,). 
20 Analysis: Calculated for C^xit^sO • 2.0 C2HF3O2 • 0.5 HjO: %C, 49.66; %H, 3.47; %N. 
12.06; Found: %C. 49^9; %H, 3^1; %N, 1222. 

*H-NMR (300 MHz; DMSO-d«) 5 (ppm) 9.063(bs;iH). 8.551(d,>=5.2Hz^. 
8.498(s,lH), 8.335(dJ=7.7H2,lH), 7.795(dJ=6.9Hz,lH), 7.727(U»8.3H2,1H), 
7.564(U=8.3Hz,lH). 7.139(dJ=5.7H2,2H), 4.942(U=4.8Hz^H), 4.427(s^, 
25 4.056(tJf=4.8Hz,2H). 
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Example 19 

l-(2-{[3-<FurO-yl)-2-propynyl]oxy}ethyI)-lif-iimdazo[4,5-^]qum^ 



tiifluoroacetate 




Under a nitrogen atmosphere, l-[2-(2-propynyloxy)ethyl]-l/f-iniida2o[4,5- 
c]quinolm-4-amme (0.5 g, 1.9 mmol), friethylamine (0.5 g, 4.9 mmol), copper (I) iodide 
(0.036 g, 0.2 nunol), 3-bromofuran (0.38 g, 2.6 mmol) and anhydrous N,N- 
dimethylformamide (20 mL) Were combined and stirred at ambient temperature. 

10 Dichlorobis(triphenylphosphine)panadium(II) (0.066 g, 0.1 mmol) was added. The 

reaction mixture was heated at 80"C overnight. The reaction mature was allowed to cool 
to ambient temperature and then it was diluted with dichloromethane. The resulting fine 
brown precipitate was removed by filtration. The filtrate was concentrated under reduced 
pressure. The residue was dissolved mto a minimum amount of NJ^I-dimethylformamide 

1 5 and put through a silica gel column. The appropriate fractions were combined and 

concentrated under reduced pressure. The residue was purified by semi-prepaiative HPLC 
using Method A to provide 0.1 g of l-(2-{[3-{fiir-3-yl)-2-propynyl]oxy}ethyl)-lH- 
imidazo[4,5-c]quinolin-4-anune trifiuoroacetate as a fluffy ivory solid, ni.p. 160-162'^. 
Analysis: Calculated for C,9Hi6N402 • C2HF3O2 • 0.25 H2O: %C, 55.94; %H, 3.91; %N, 

20 12.42; Found: %C, 55.57; %H. 3.43; %N, 12.45. 

'H-NMR (300 MHz; DMSO-dfi) 5 (ppm) 8.859(bs.2H). 8.473(s,lH), 8.32(d,J-8.3Hz,lH), 
7.849(8,1H), 7.813(dJ=7.3Hz,lH), 7.714(tJ=8.5Hz,lH). 7.697(d,J=2Hz,lH), 
7.551(U=6.8Hz,lH), 6.409(dJ=1.9Hz,lH), 4.919(t,J=5.5Hz.2H), 4,337(s,2H), 
4.002(tJ=4.8Hz,2H). 
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Example 20 

4-{3-[2-<4-Airino-lH-imi(kzo[4,5-c]quinoliii-l-y^^ 

tiiiophen-2-ylcarboxaldehyde txifluoioacetate 




O 



5 Using the general method of Example 20, l-[2-{2-propynyloxy)ethyl]-lH- 

imidazo[4,5-c]quinolin-4-amine (0.5 g, 1.9 mmol) was reacted with 3-bromo-2- 
&iophcnecaiboxaIdehydc (0.5 g, 2.6 mmol) and the cmde product purified by semi- 
preparative HPLC using Method A to provide 0.13 g of 4-{3-[2-(4-amino-li/- 
imidazo[4,5-c]quinolin-l-yl)ethoxy]-prppyn-l-yl}-thiophen-^^^^ 

10 trifluoroacetatc as a fluffy ivory solid, m.p, 195**C. 

Analysis: Calculated for C20H16N4O2S • C2HF3O2: %C. 53.88; %H, 3.49; %N, 11.42; 
Found: %C, 54.16; %H, 3^1; %N, 1 1.36. 

*H-NMR (300 MHz; DMSO-d«) 5 (ppm) 9.874(s.lH), 8.972(bs;2H), 8.483(s,lH). 
8322(d,J='7.9Hz,lH), 8.076(8,1H), 7.771(dJ=8.3Hz,lH). 7.736(s,lH), 
15 7.71(U=8.4Hz,lH), 7.555(tJ==6.9Hz.lH). 4.928(U«53Hz,2H), 4371{s^. 
4.043(tJ=4.8Hz,2H). 
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Example 21 

l-(2-{P-(Pyrid-2-yl)-2-propynyl]oxy}etiiyl)-lfr4imda2o 

triflaoroacetate 




5 Using the general method of Example 19, l-[2-<2-prDpynyloxy)eihyl]-lff- 

imidazo[4,5-c]quinolm-4-amme (0.5 g, 1 ^ mmol) was reacted with 2-bromopyridine 
(0.51 g, 2.6 mmol) and the crude product purified by semi-preparative HPLC using 
Method A to provide 0.1 g of l-(2-{[3-(pyrid-2-yl)-2-propynyl]oxy}ethyl)-lK- 
imida2o[4,5-c]quinolin-4-aminc trifluoroacetate as a gray fluffy solid, m.p. 129-13 1°C. 

10 Analysis: Calculated for CzoHnNjO • 1.75 C2HF3O2 • 0.25 H2O: %C. 51 .56; %H, 3.55; 
%N, 12.80; Found: %C. 51.80; %H, 3.20; %N, 13.11. 

'H-NMR (300 MHz; DMSO^) 5 (ppm) 9.013(bs,2H). 8.516(s,lH), 8.495(s,110. 
8.331(dJ=8.2Hz,lH), 7.75(m,3H), 7.553(U=8.2H2,1H), 7375(dd,J=7.8;4.9Hz,lH), 
7.23(dJ=7.8H2,lH). 4.944(t,J«5.4Hz,2H), 4.418(s,2H), 4.059(t,J«4.8H2,2H). 

15 

Examples 22-26 

The compounds in the table below were prepared according to the synthetic 
method of Reaction Scheme I above using the following general method 

The 4-amino-l/f-unidazo[4,5-c]quinolin-l-yl alcohol (25 mg) was placed in a 2 
20 dram (7.4 mL) vial. Sodium hydride (1 .2 eq of 60% in mineral oil) and N Jl- 

dimcthylformamide (1 mL) were added. The vial was placed on a sonicator for about 1 5 
to 30 minutes at ambient temperature to allow the alkoxide to fonn. The halide (1 .2 eq) 
was added and the vial was placed back on the sonicator for about 1 5 to 120 minutes at 
ambient temperature. The reaction mixture was analyzed by LC/MS to confirm fhe 
25 formation of the desned product The reaction mixture was purified by semi-preparative 
HPLC. The semi-prep HPLC fractions were analyzed by LC-APCI/MS and die 
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appropriate fractions were combined and lyophilized to provide ±c trifluoroacetate salt of 
the desired product,which was confirmed by accurate mass and NMR spectroscopy. 
The table below shows the strocture of the fi^e base, the theoretical mass (TM), and the 
measured mass (MM) or nominal mass (NM). 
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Example 
# 


Structure of the Free Base 


Purification 
Method 


Mass Measuiement 
(Da.) 


26 


NH2 

(J w 

H 

0 


A 


TM= 364 
NM[M+H]** = 365 

.... 



Example 27 

l.{2-MethyI-l-[(pyrid-2-yloxy)methyl]propyl)-lH-imid^ 



trifluoroacetate 




Using the general method of Examples 22 - 26 above, 2-(4-amino-lH- 
imidazo[4,5-c]quinolin-l-yl)-3-methylbutan.l-ol was reacted with 2- 
(trifluoromethylsulfonyloxy)pyridine and the cnide product purified via semi-preparative 
10 HPLC using Method A to provide l-{2-methyl-l-[(pyrid-2-yloxy)methyl]propyl}-lH- 
imidazo[4.5-c]quinoline^-amine as the trifluoroacetate salt TM = 347.1746. MM - 
347.1740 
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Example 28 

l-{l-[(pyrid-2-yloxy)methyl]propyl}-lH-iimdazo[4,5-c]quinofc^ 



trifluoioacetate 




5 Using Ac general me&od of Examples .22 - 26 above 2-(4-amino-l/f-iniidazo[4,5- 

c]qmnolin-l-yl)-3-methyIbutan-l-ol was reacted with 2- 

(tri£luoTQmetfaylsulfonyloxy)pyridiae and the crude product purified via semi-preparativo 
HPLC using McAod B to provide l-{l-[0pyrid-2-yloxy)meA3d]pn>pyl}-l/f-iniidazo[4,5- 
c]quinolin6-4-amine as the trifluoroacetate salt TM ^ 333.1590, MM = 333.1598 
10 > 

Example 29 

1 -[2-(9Jf-caIbazo^3-yioxy)p^>pyl]-l/^-i^lidazo[4,5-c]quinoIin^ 
trifluoroacetate 

15 




A 1 mL portion of a solution prepared by dissolving 0.5 g of l-(4-amino-l/f- 
imidazo[4,5-c]quinolin-l-yl)propan-2-ol in NJ^-dimethylformamide (20 mL) was added 
to a 2 dram (7.4 mL) glass vial contaming 2-hydroxycaibazole (38 mg, 2 eq.). 
20 Triphenylphosphine (54 mg, 2 eq.) dissolved in NJ^-dimethylformamide (1 mL) was 
added to the vial. The resulting slurry was sonicated to dissolve the phenol Diethyl 
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azidocaiboxylate (36 mg, 2 eq.) was added neat The reaction mixture was sonicated for 
about 30 minutes and then shaken overnight at ambient tempeiatuie. The solvent was 
removed and the residue was purified by semi-preparative HPLC using Method A. The 
compound was provided as ttie trifluoroacetate salt TM = 407, NM[M + HJ** « 408. 

5 

Example 30 

l-{2-[(3-thien-2-ylprop-2-ynyl)oxy]ethyl}-l/f-inuda2o[4,5-c]quinolin-^ 




PaitA 

10 Using the general method of Example 1 Part B, 2-(lJ7-imidazo[4,5-c]qumolin-l- 

yl)ethyl (2-propynyl) ether was oxidized to provide 67.5 g of H2-(2-propynyloxy)cthyl]- 
l/f-ijmidazo[4,S-c]quinol]ne-5N-oxide as a tan solid. 
MS (CI) for C1JH14N3O1 m/2 268 (MH*), 252, 214. 
PaitB 

15 A dried round bottom flask was charged with a stir bar, l-[2-(2- 

propynyloxy)ethyl]-l/f-imidazo[4,5-c]qumoline-5N-oxide (57.5 g, 215.1 mmol), 
anhydrous tolurae (200 niL) and anhydrous dimethyl formamide (400 mL) under a 
nitrogen atmosphere. Phojqphorus oxychloride (23 mL, 247.4 mmol) was added dropwise 
over 20 minutes to this mixture leading to a modest exodieim('-' 40 ^Q. Thereaction 

20 was judged complete after 1 .25 hours at ambient temperature. The volatQes were removed 
under reduced pressure and the resiildng solid was partitioned between chlorofomi and 
10% aqueous sodium caibonate. The aqueous layer was extracted with chloroform; the 
organic fractions were combined, dried with anhydrous magnesium sulfate, filtered and 
concentrated under reduced pressure. The resulting brown solid was dried at 60 *C, under 
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vacuum, for 4 houis to obtain 36.6 g of 4-chloro-l-(2-(prop-2-ynyloxy)ethyl]-lif- 
iinidazo[4,5-c]qumoline as a powder. 
MS (O) for Ci5H,2ClN30 m/z 286 (MH*), 246, 204. 
Parte 

5 A dried round bottom flask was charged with a stir bar, sodium hydride (8.1 5 g, 

203.9 mmol) and anhydrous 2-methoxylc1hyl ether (diglyme, 100 mL) while under a 
nitrogen atmosphere and at ambient temperature. Phenol (20,7 g, 220.2 mmol) was added 
in several portions as a solid and the resulting solution stirred under a nitrogen atmosphere 
until gas evolution ceased. 4-chloro-l-[2-(prop-2-ynyloxy)etiiyll-l^-imidazo[4,5- 
10 c]quinoline (46.6 g, 163.1 mmol) was added neat and the solution was heated to 110 **C. 
After 15.5 hours, a preformed solution of sodium phenoxide (phenol 5 g, 53.1 mmol and 
sodium hydride 1.91 g, 47.8 mmol) in diglyme (20 mL) was added to tiic reaction solution 
and heating was increased to 1 65 *C. The reaction was judged complete after 1 hour at 
165 **C. After cooling to less than 70 **C, ±e volatiles were removed under reduced 
15 pressure and die resulting brown soKd was partitioned between chloroform and saturated 
aqueous sodium carbonate. The aqueous fraction was extracted with chloroform; tiie 
combined organic fractions were dried witii anhydrous magnesium sulfate, filtered and 
dien concentrated uinder reduced pressure to provide a brown solid. The solid was 
recrystallized from acetonitrile with a small amount of dimethyl formamide to provide 25 
20 g of 4-phenoxy4-[2-(prop-2-ynyloxy)ethyl]-l/r-iinidazo[4,5-c]quinolinc as a crystalline 

solid. 

MS (CI) for CaiHnNaOi m/z 344 (MH*), 306, 288. 
PartD 

Using die general method of Example 3 Part A, 4-phenoxy-l-[2-(prop-2- 
25 ynyloxy)ethyl]-l/f-imidazo[4.5-c]quinoline (10 g, 29.4 mmol) was reacted with 2- 
iodothiophene (3.6 mL, 32.3 mmol). The glassy solid obtained from purification by 
chromatography over silica gel (98/2 dichlorome&ane/methanol) was triturated with ether 
to provide 5.3 gof 4-phenoxy-l-{2-[(3-thien-3-ylprop-2-ynyl)oxy]ethyl>4H^ 
c]qmnoline as a gray powder. 
30 MS (O) for C25Hi9N$02S m/z 426 (MH*), 306, 288. 
PartE 
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4-Phenoxy-l-{2-[(3-tbiOT-3-ylprop-2-ynyl)oxy]efe>i}-l/r-m^ 
(32 g, 7.52 mmol) and ammdmiun acetate (32 g, 415 mmol) were melted together in a 
dried lound bottom heated to 150 **C under a nitrogen atmosphere. After 2 hrs additional 
ammonium acetate (10 g, 129 mmol) was added. The reaction was judged complete after 
5 a total of 4 hours. The melted solids were cooled to ambient temperature and basified with 
IN aqueous potassium hydroxide to a pH of-13. The aqueous mixture was extracted with 
dichloiomethane (3x); the combined organic fractions were washed with brine, dried over 
anhydrous magnesium sulfate, filtered and then concentrated under reduced pressure. The 
resultmg solid was purified by chromatography over silica gel (98/2 



10 dichloromethane/methanol), then triturated with etfier to provide 0.812 g of l-{2-[(3-thien- 
2-ylprop-2-ynyl)oxy]ethyl}-l/^imidazo[4,5H;]quinolin4-amm as a white powder, m,p- 

148-150 *»C. 

Analysis. Calculated for CWH16N4OS: %C, 65.50; %H,4.63; %N, 16.08. Found: %C, 
65.42; %H, 4.65; %N, 16.11 ; , 

15 *H NMR (300 MHz, DMSO) 6 8.16 (s, 1 H), 8.1 1 (d, J = 6.8 Hz, 1 H), 7.60 (m, 2 H), 7.43 
(t, J - 6.8 Hz, 1 H), 7.20-7.25 (m, 2 H), 7.04 (dd, J = 4.9, 3.9 Hz, 1 H), 6.58 (s, 2 H), 4.84 
(t, J = 5.4, 2 H). 4.41 (s, 2 H), 3.99 (t, J = 5.4, 2 H) 
MS (CI) for C19H16N4OS m/z 349 (MH*), 229, 185. 

20 Example 31 



l.{2-[(l-methyHJf-indol-2-yl)methoxy]ethyl}- 
lJ7>imidazo[4,5-c]quinolin-4-amine 





P 



Part A 
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Using the general metibod of Example 30 Part D, 4-phenoxy-l-[2-<pxop-2- 
ynyloxy)ethyl]-lH-imidazo[4,5-c]quinoline (3.16 g, 9^0 mmol) was reacted with 2-iodo- 
NJ^-dimethylaniline (2.5 g, 10.1 mmol) to provide a 1.0 g of l-{2-[(l-mefliyl-l/f-indoI- 
2-yl)mefhoxylcthyl}-4-phenoxy-lH-imidazo[4,5-c]quinoline as a pale yellow ctystalline 

5 solid. 

MS (CH) for C28H24N4O2 in/2449 306, 186. 
PartB 

l-{2-[(l-Methyl-l/f-indol-2-yl)methoxy]ethyl}-4-phcnoxy-lH-imi 
c]quinoline (0.78 g, 1 .74 mmol) was partially converted to the desired product by 

10 exposure to ammonia, (7% in me&anol, 20 mL) for 52 hours at 1 60 **C in a bomb. The 
volatiles were removed under reduced pressure and the material was reacted with more 
ammonia (7% in methanol. 20 mL) for 80 hours at 160 X to completely consume the 
starting material. The solid was removed by filtration and the filtrate was concentrated 
under reduced vacuum. The resulting material was purified by chromatography over silica 

15 gel (9/1 dichloromethanc/meflianol). The resuhing solid was recrystallized from dimethyl 
formamide to provide 0.121 g of l.{2-[(l-metiiyl-l//-indol-2-yl)methoxylethyl}-l/f- 
imidazo[4,5-c]quinolin-4-aminc as white, flat crystals, m.p. 243-245 *C. 
Analysis. Calculated for C22H21N5O • (CjHtOI^m: %C, 70.50; %H. 5.81; %N. 18-75. 
Found: %C, 70.72; %H, 5.70; %N, 18.36 

20 *H NMR (300 MHz, DMSO) 5 8.13 (s, 1 H), 8.05 (d, J = 8.3 Hz, I H), 7.60 (d. J = 9.3, 1 
H), 7.36-7.47 (m. 3 H), 7.10-7^0 (m, 2 H), 6.98 (t, J « 73 Hz, 1 H). 6.58 (brs, 2 H). 6.36 
(s, 1 H). 4.82 (t, J = 4.9. 2 H), 4.64 (s, 2 H). 3.92 (t, J « 4.9, 2 H), 3.52 (s, 3 H) 
MS (CI) for C22H2iN50 m/z 372 (MH^ 229, 144. 
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Examples! 

1 -[2-<3-1hieii-2-y!propoxy)ethyl]-l/f-imidazo[4^-<:]quinolm 




PaitA 

5 A dried round bottom flask was cbaiged wi^ a stir bar, 2-{l/f-imidazo[44- 

c]qumolm-l-yl)ethyI (2-propyDyi) ether (1 1.78 g, 46.88 mmol), anhydrous triethylamine 
(14 mL, 121.9 mmol), 2-iododuophene (S.7 mL» 51.57 mmol) and anhydrous dimediyl 
formamide(l 30 mL) under a nitrogen atmosphere and heated to 80 ^C. After 5 minutes 
dichlorobis(triphcnylphosphine)palladium(II) (0.658 g, 0.937 mol) and coppcr(I) iodide 

10 (0.357 g, 1 .875 mmol) were added neat to the solution. The reaction was judged complete 
after 50 minutes. The volatiles were removed under reduced pressure and the resulting 
solid partitioned between dichlorometfaane and 0.5N aqueous potassium hydroxide. The 
aqueous fraction was extracted ynfh dichloromediane (3x); die combined organic fractions 
were dried with anhydrous magnesium sul&te, filtered and concentrated imder reduced 

1 5 pressure to provide a brown solid. The glassy solid obtained from purification by 

chromatography over silica gel (98/2 dichloromedianeAnethanol) was triturated with ether 
to provide 9,5 g of l-{2-[(3-tiuen-2-ylprop-2-ynyl)oxy]ethyl}-lff-iniida2o[4,5-c]quinoline 
as a tan solid. 

MS (d) for C19H15N3OS m/z 334 (MH*), 290, 214. 
20 PaitB 

Using die general metiiod of Example 3 Part B, l-{2-[(3-thien-2-ylpn)p-2- 
ynyl)oxy]ethyl}-lff-imidazo[4,5-clqtiinoline (9.5 g, 28.49 mmol) was reduced with 
paUadium on carbon (10%, I g) in medunol (^S mL) to provide 9.1 g of l-[2-(3-thien-2- 
ylpropoxy)etfiyl]-l //'-imidazo[4,5-c]quinoIine as a brown oil. 
25 MS (CI) for Ci9Hi9N30S m/z 338 (MH*), 214. 
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Parte 

Using the general method of Example 1 Part B, l-[2-(3-thien-2-ylpropoxy)ethyl]- 
lH-imidazo[4,5-c]quinolme was oxidized to provide 4.4 g of l-[2-(3-thien-2- 
ylpropoxy)ethyl]-l/r-iiiiidazo(4,5-c]qiunoline-5N-oxidc as an unpurified tan solid. 
5 MS (CI) for C19H19N3O2S m/z 354 (MH*), 338, 214. 
PaitD 

Using the general method of Example 1 Part C, l-[2-(3-thien-2-ylpropoxy)ethyl]- 
lif-imidazo[4,5-c|quinoline-5N-oxide (4.4 g, 12.45 mmol) was reacted vnHh 
trichloroacetyl isocyanate (1.8 mL, 14.9 mmol) to provide 2,2^-trichlon)-iV-{l-[2-(3- 
10 thien-2-ylpropoxy)ethyI]4if-imida2o[4,5-c]quinolin-4-yl}acetamide as an mipurified 
glassy solid 
PaitE 

A dried romid bottom flask was charged wilh a stir bar, 2A2-trichloro-iV^{l-[2-(3- 

feien-2-ylpropoxy)c1ityll-liy-imidazo[4,5-c]quinolin-4-yl}acct^^ and sodimn 
15 melfaoxide (25% in meflianol, 1 1 mL, 49.8 mmol) at ainbient temperature. The reaction 

was judged complete after 30 honrs. The volatiles were removed under reduced pressure. 

The resulting oil was purified with chromatography over silica gel (95/5 

dichloromethane/methanol), semi-preparative HPLC using method A, and recrystaDization 

from ethyl acetate/hexane to provide 43 mg of l-[2-(3-tbien-2-ylpn)poxy)cftyl]-lH- 
20 imidazo[4,5-<:]quinolin-4-amine as a white crystalline solid m.p. 130.1-131.6 ^C. 

Analysis. Calculated for C19H20N4OS • (H20)ojo: %C, 63.77; %H, 5.80; %N, 15.66. 

Found %C. 63.84; %H. 5.79; %N, 15.57 

NMR (300 MHz, DMSO) 8 8.16 (s, 1 H), 8.12 (d. J = 8.3 Hz, 1 H), 7.62 (d, J = 8.3 Hz, 

I H). 7.43 (t, J = 73 Hz, 1 H). 720-726 (m. 2 H). 6.84 (dd, J = 4.9, 3.4 Hz. 1 H). 6.62 (d. 
25 J - 2.4 Hz, 1 H) 6.58 (s, 2 H). 4.79 (t. J « 5.4 Hz. 2 H). 3.83 (t, J -5.4 Hz. 2 H), 335 (t, J 

« 6.4, 2 H), 2.64 (t, J « 7.8 Hz. 2 H), 1.69 (p. J = 6.8. 6.3 Hz, 2 H). 

MS (O) for C19H20N4OS m/z 353 (MH*), 21 1, 185. 
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Exaiiipk33 

l-[2K3-PyridiiH3-ylpropoxy>%l]-lH-inudazo[4,5-c]qumoUn-4^^ 

NH, 




Under a nitrogen atmosphere, a solution of 2-aininoben2oic a«ad (100.0 g, 0.73 
mol) in acedc anhydride (400 ml. 4.2 moOvna heated to refhix for 2 houis. TTie reaction 
was cooled to room temperature and the solvent was removed in vacuo. The residue was 

10 dissolved m glacial acetic acid (500 ml) and NaNj (49.77 g, 0.77 mol) was added. The 
mixture was stirred overnight at room temperature foUowcd hy concentration of the acetic 
acid in vacuo. Tlie residue was dissolved in 10% NaOH (500 ml) sohxtion and heated to 
reflux for 3.5 hoxas. The reaction was cooled to room temperature and then poured over a 
mixture of ice water (2 L) and HCl (150 ml). A white solid precipitated and was coOected 

15 by vacuum filtration. The solid was dried 6. vflciio to yield 130.5 g of 2-(5-methyMH. 
tetrazol-l-yl)beiizoic acid. 

'H NMR (300 MHz. DMSO^) 8 8.12 (d, J = 7.2 Hz. IH). 751-7.78 (m. 2H). 7.72(d. J = 
7.4 Hz, 1^, 2.37 (S.3H); 
MS (CI) m/e 205 (MH^, 162 (M - N3). 
20 Parts 

Under a nitrogen atmosphere, 2-(5-methyl-lH-tcttazoH-yl)benzoic acid (89.7 g. 
0.44 mol) was dissolved in acetone (1 L) and cesium carbonate (214.7 g. 0.66 mol) was 
added with vigorous stirring. Ethyl iodide (70.3 ml. 0.88 mol) was added dropwisc and the 
reaction was heated to reflix for 4 hours. TTie reaction was cooled to room temperature 
25 andfiltered. The acetone was removed in vacuo to yield a yeUow solid which was 

dissolved in dichloromethane (800 ml) and washed with saturated sodhmi bicarbonate 
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(200 ml). The organic ftaction was dried (NazSOA), filtered, and coneentrated to yield 
92.7 g of ethyl 2-(5-methyl-lif-tetrazoM-yl)benzoate as a yellow solid. 

KMR (300 MHz, DMSOds) 6 8.14 (d, J = 7.8 Hz. IH). 7.89 (m, 2H). 7.79 (d. J - 7.9 
Hz, IH), 4.08 (q, J - 7.4 Hz. 2H), 2.40 (s, 3H), 1 .04 (t, J = 6.9 Hz, 3H); 
5 MS(CI)in/e233{MH*), 159. 
PaitC 

Under a nitrogen atmosphere, etfiyl 2-(5-methyl-l/f-tetrazol-l-yl)benzoate (92.7 g, 
0.34 mol) was dissolved in N,N-dimethylfonnamide (600ml) and the solution was chilled 
in an ice water batJi. Potassium ethoxide (67.2 g, 0.80 mol) was added slowly to the 

10 solution. After a few minutes, the ice water bath was removed and the reaction was stirred 
at room temperature for 3 houis. The reaction was treated with 1 GO ml of water and 
approximately 300-400 ml of solvent was removed in vacuo. The remainder of the 
reaction was poured over a solution of glacial acetic acid (125 ml) in ice water (2 L). A 
precipitate formed and tiie mixture was diluted with additional water (3 L). The solid was 

15 collected by vacuum filtration to yield 63.25 g of letrazolo[l .5-a]quinolin-5-ol as a yeUow 
solid. 

'H-NMR (300 MHz. DMSO-de) 8 8.54 (d, J = 8.4 Hz, IH). 8.27 (d, J - 8.1 Hz, IH). 7.99 

(t, J = 7.4 Hz, IH), 7.80 (t, J = 7.2 Hz, IH), 7.04 (s, IH); 

MS (CI) m/e 187 (MH*), 159. 

20 Part D . 

Tetrazolo[l,5-<i]quinolin-5-ol (63.25 g, 0.34 mol) was added to glacial acetic acid 

(630 ml) to form a thick off white suspension. The mixture was vigorously stirred while 

nitric acid (23.6 ml, 0.37 mol, 70% solution) was slowly added. The reaction was then 

heated &om 25 to 80 over a period of 15 minutes. A yellow precipitate formed and the 

25 reaction was maintained at 80 for 5 minutes. Hie mixture was slowly cooled to 0 **C. 

The solid was collected by filtration and then dried in vacuo to yield 60.0 g of 4iiitro- 

tetrazolo[l,5-^]quinolm-5-ol as a yellow solid. 

'H-NMR (300 MHz, DMSO^) 5 8.35 (d, J » 3.9 Hz, IH); 8.32 (d, J = 3.2 Hz, IH), 7.90 
(t, J = 73 Hz, IH). 7.68 (t, J « 8.2 Hz, IH); 
30 MS (CI) m/e 232 (MH*), 204. 
PartE 

Under a nitrogen atmosphcie. POQj (16.42 ml, 0.17 mol) was slowly added to a 
chilled (0 ®C) flask containing NJ^-dimetfaylformamidc (100 ml). The resulting solution 
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was slowly warmed to room temperature and then added dropwise to a suspension of 4- 

nitro-tctia2olo[l,5-fl]quinolin-5-ol in N^-dimethylfonnamide (300 ml). The reaction was 

heated to 100 **C for 30 minutes. The orange/red solution was quenched by pouring over 1 

liter of ice water. A yellow precipitate formed and was collected by filtration, redissolved 

in chloroform (approx. 750 ml), dried (NaiSOO, filtered, and concentrated in vacuo to 

yield 33.74 g of 5-chlorD-4-nitrotetrazolo[l,5-fl]quinoline as a yellow solid 

'H NMR (300 MHz, DMSO-d<) 8 8.78 (d, J = 8.2 Hz, lU); 8.57 (d, J - 8.3 Hz, IH), 8.29- 

8.22 (m, IH), 8.09-8.03 (m. l^^; 

MS(CI)m/e250 (Mif). 

PartF 

5-Chloio-4-nitn>tetrazolo[l,5-a]quinoline (28.86 0.11 mol), dichlorometfaane 
(600 ml), and trie^lamine (21.14 ml, 0.1 1 mol) were combined and the resulting 
solution was chilled to 0 ^C. 2-(3-Pyridin-3-ylpropoxy)ethylamine (22.9 g, 0.13 mol) was 
added dropwise. The reaction was allowed to slowly warm to room temperature, then 
stirred at room temperature for 1 hour and finally at reflux tot 2 hours. The reaction was 
cooled to room temperature and then quenched with water (200 ml). The phases were 
separated and die aqueous layer was extracted with dichlorome^mne (3 x SOml). The 
combined organic fractions were washed with brine (100 ml), dried (Na2S04), filtered and 
concentrated to yield a yellow solid. The solid was slurried in ettianol (150 ml) and 
filtered to provide 34.3 g of 4-nitrc>-N-[2-(3-pyridin-3-ylpropoxy)cthyl]tctrazoIo{ 1 ,5- 
a]quinolin-5-amine. 

*H NMR (300 MHz, DMSO^) 5 1027 (bs, IH). 8.69 (d, J = 8.3 Hz, IH), 8.54 (d, J » 
8.3 Hz, IH). 8.37 (bs, 2H). 8.08 (t, J = 7.7 Hz. IH), 7.81 (t, J = 7.2 Hz, IH). 7.57 (d, J = 
7.3 Hz. IH), 7.27 (d4 J - 7.9, 5.0 Hz. IH), 3.92 (m, 2H), 3.71 (t, J = 5.4 Hz, 2H). 3.47 (t. 
J = 6.0 Hz, 2H), 2.62 (t, J = 7.4 Hz, 2H), 1.82 (m, 2H); 
MS (CDm/e 394 (MH^, 366. 
PartG 

4-Nitro-N-(2-(3-pyridin-3-ylpropoxy)ethyl]tetra2olo[l ,5-i2]quinolin-5-^^ (34.3 
g, 87.2 mmol) was added to a 3 liter stainless steel pressure flask containing edianol (1 .25 
L, absolute). Platinum on carbon (3.00 g, 5% w/w) was added and the flask was placed on 
a Parr hydrogenation apparatus. The reaction was shaken under 45 psi (3.15 Kg/cm^) of 
hydrogen for 24 houn. The catalyst was removed by filtration tfuough CeKte™ and 4e 
Celite pad was washed with several portions of etfaanol. The filtrate was concentrated in 
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vacuo to provide 30.8 g of N*-[2K3-p3pdm-3-ylpropoxy)elhyl]tetrazolo[l^-a]qumol^ 

4»5-diainine as an orange/ied ofl. MS (CI) m/e 364 (MH^> 336. 

PartH 

Triethyl orthofonnate (ll.lml, l27imnol) was added to a solution of N 
5 pyridin-3-ylpropoxy)ethyl]tetrazolo[l ,5-a]quinoline-4,5-diainine (30,8 g, 84.7 nunol) in 

l^-dichloioetiiane (750 ml) and the reaction was heated to reflux for 3 houis. The reaction 

was cooled to room temperature and diluted with saturated sodium bicarbonate (200 ml). 

The phases were separated and die aqueous layer was extracted with dichloromethane (3 

x75ml). The combined organic fractions were washed wifli brine (200 ml), dried 
10 (Na2S04) and concentrated to provide an orange solid. The solid was triturated with 

die%l ether and then filtered to yield 28.7 g of 6-[2-(3-pyridin-3-ylpropoxy)e%l]-6/f- 

imidazo[4,5-c]tetrazolo[l,5-a]quinoline as a tan/orange solid. 
•H-NMR (300 MHz, CDQa) 5 8.71 (dd, J = 8.1, 1.3 Hz, IH), 8.38 (dd, J = 4.8. 1.5 Hz, 

IH), 8.30 (d. J = 2.1 Hz, IH), 820 (d, J = 7.7 Hz, IH), 8.07 (s. IH), 7.73 (m. 2H). 7.32 (dt, 
15 J » 7.8, 1.9 Hz, IH), 7.13 (dd, J » 7.7. 4.8 Hz, IH). 4.81 (t, J = 5.1 Hz. 2H), 3.96 (t. J - 5.1 

Hz. 2H). 3.42 (t. J = 6.2 He. 2H), 2.52 (t, J = 7.5 Hz, 1.82-1.74 (m. 2IQ; 

MS(CI)m/e374(MH*). 

Parti 

Triphenylphosphine (27 .Og, 1 15mmoi) was added to a solution of 6"[2-(3-pyridin- 
20 3-ylpropoxy)ethyl]-6H-imidazo[4,5-c]tetrazolo[l ,5-d]quinoline (28.7 g, 76.9 mmol) in 
1 ,2-dichlorobenzene (1 L). The reaction was heated at reflux temperature ovemigiht The 
dark red solution was cooled to room temperature and treated with IN HCl (225 ml). A 
tan precipitate formed. The resulting mixture was concentrated in vacuo to yield a dark 
rcd^rown solid. This material was treated with 500 ml water and vigorously stirred. 
25 Excess triphenylphosphine and triphenylphosphme oxide formed as precipitates and were 
removed by vacuum filtration. The solid was washed witii several portions of water 
followed by a final wash with dUute HQ (1:5, IN HQiwater). The ^ed^rown filtrate was 
collected, washed wiA ether (3x1 50ml), and treated with 10% NaOH solution until &e 
pH reached 12. The erode product formed as a tan precipitate and was collected by 
30 filtration. Purification of tfic crude material was accomplished by treatment (2X) with 
activated charcoal (Darco-G60) in refluxing methanol The charcoal was removed by 
filtration. The desired product formed as a precipitate during concentration of the filtrate. 
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The solid was collected by vacuum filtration washed with diethyl etber, and dried under 
vacuum to provide 17 g of l42-{3-pyridin-3-ylpropoxy)ethyl]-l/^imidazo[4^-c]quinolin- 
4-amine as a tan solid, m.p. 125.0-128.0 "t!. 

NMR (300 MHz, DMSOd^) 6 8.33 (d, J = 4.8 Hz, IH). 8.24 (s, IH), 8.18 (s. IH), 8.13 
5 (d, J - 7.7 Hz, IH), 7.63 (d, J = 8.4 Hz. IH), 7.45 (t, J = 6.8 Hz, IH). 7.33-7.21 (m, 2H), 
7.16 (dd, J = 7.7. 4.8 Hz, IH), 6.62 (s, 2H), 4.80 (t, J = 4.8 Hz, 2H), 3.82 (t, J = 4.9 Hz, 
2H), 330 (t, J = 6.3 Hz, 2H). 2.39 (t, J = 7.3 Hz. 2H), 1.64 (m. 2H); 
MS{CI)in/e 348 (MH*); 

Anal calcd for CzoHiiNsO^O.OS HiO: C, 68.89; H, 6.11; N, 20.09. Found: C, 68.49; H. 
10 5.95; N, 20.08. 

Example 34 

2-Methyl-l-(2-(3-pyridin-3-ylpiopoxy)cthyl]-l/r-imidazo[4,5-c]quin^ 



15 




Part A 

Under an atmosphere of nitrogen, N^-[2-(3-pyridin-3- 
ylptopoxy)cthyl]tetrazolo[l,5-«]quinoline-4,5-diamine (0.70 g, 1.92 mmol) was dissolved 

20 in 1.2-dichloroethanc (15 ml). TrieUiyl oHhoacetate (0.53 ml. 2.88 mmol) was added via 
syringe and the reaction was heated to reflux for 3 hours. Analysis by thin layer 
chromatography (95/5 chloroform/methanol) showed complete consumption of the 
diamine. The reaction was quenched by flie addition of water (15 ml). The phases were 
separated and the aqueous fraction was extracted with dichloromethane (3x10 ml). The 

25 combined organic fractions were washed wifli brine (15 ml), dried (Na2S04), fUtercd and 
concentrated in vacuo to yield 0.73 g of 5-methyl.6-[2-(3-pyridin-3.ylpropoxy)efliyl]-6H- 
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iinidazo[4,5-c]tetrazolo[l,5-alquinoliiie as a red oB. This material was used without 
iuiUier purification. 
MS(C0in/e388(M + H). 

5 ^"^^ Under an atmosphere of nitrogen, 5-methyl-6-[2-(3:pyridin-3-ylprq>oxy)ethyl]- 
6/f-imida2o[4,5-c]tetrazolo[U-fllquinoline (0.73 g. 1.89 nunol) and triphenylphosphine 
(0.64 g, 2.84 nunol) were dissoWed in 1,2-dicUOTobenzenc (15 mO- Hie reaction was 
heated at reflux for 1 8 hours. After cooling to ambient tempOTtme, Ae solvent was 
removed in vacuo. The resulting residue was treated witl| IN HCaAwater (30 ml) and 
10 vigorous stirring produced an off white suspension. The soHd was removed by filtration 
leaving a yellow filtrate. The filtrate was treated with 10 % sodium hydroxideAvater untU 
pH 1 1 was reached. The filtrate was extracted wifli dicMoromefliane (3 x 25 ml). The 
combined organic fiactions were washed with brine (25 ml), dried (NaiSO*). filtered and 
concentrated in vacuo to yield an orange ofl. The oil was dissolved in a minimum amount 
15 ofdicUotomeflMncanddilutedwidiefliertoproduceaprMnritate. ThesoBdwas 
recrystallized ftom n-propyl acetate to yield 0.16 g of 2.mefliyl-l-P-{3-pyridin-3- 
ylpropoxy)ethyl]-lH-imida2o[4,5-clquinoline-4-amine as atan soBd. m.p. 145.0-146.0. 
'H NMR (300 MHz, COa,) 5 8.40 (d, I = 4.9 Hz. IH). 8.34 (d. J = 2.0 Hz, IH). 7.93 (d, J 
- 7.4 Hz. IH), 7.84 (d, I = 8.4 Hz, IH). 7.52 (t, J = 7.2 Hz, IH). 7.31 (t, J = 6.6 Hz. IH). 
. 20 722 (d, J = 7.8 Hz. IH). 7.09 (dd, J = 4.8. 7.8 Hz, IH), 5.46 (bs. 2H), 4.67 (t, J = 5.3 Hz. 
2H). 3.90 (t. J = 5.3 Hz, 2H), 3.34 (t, J = 6.2 Hz, 2H), 2.70 (s, 3H). 2.52 (t, J = 8.0 Hz. 
2H),1.76(m,2H); 
MS(Cr)m/e362(M + H); 

Anal calcd for CyHjiNsO: C. 69.78; H. 6.41; N. 1938. Found: C. 69.40; H. 638; N, 
25 19;00. 
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Example 35 

2-Biityl-142-<3i)yridm-3-ylpropoxy)ethyi]4/r-iiiiida^ 




5 

PartA 

Under an atmosphere of nitrogen, N -[2-(3-pyridm-3- 
ylpropoxy)ethyl]tetiazolo[l,5-<j]quinolinc^,5-diamine (2.48 g, 6.82 mmol) was dissolved 

10 in toluene (40 inl). Trimethyl orthovalerate (1.29 mi, 7.51 inmol) was added via syringe. 
A catalytic amount of pyridine hydrochloride was added to the reaction and the flask was 
fitted with a Dean-Stark trap. The reaction was heated to reflux and the volatiles were 
coDected in the trap. After 4 hours, the reaction was cooled to room temperature and 
quenched by the addition of water (30 ml). The phases were separated and the aqueous 

15 phase was extracted with ethyl acetate (3 x 15 ml). The combined organic fractions were 
washed with brine (25 ml), dried (Na2S04). filtered and concentrated in vacuo to provide a 
red^rown oil. The material was purified by flash column chromatography (silica gel, 2/1 
to 95/5 ethyl acetate/hexane gradient) to yield 1 .98 g of 2-butyl-6-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-6H-imida2o[4,5-c]tetrazolo[l,5-a]quinoline as an orange oil. 

20 *H NMR (300 MHz, DMSCM16) 6 8.53 (d, J = 8.2 Hz. 1 H), 8.41 (d, J « 7.9 Hz. 1 H). 8.37 
(d. J = 5.0 Hz, 1 H), 8 J 1 (d. J « 1.9 Hz, 1 H), 7.84 (d. J « 72 Hz, 1 H), 7.75 (t. J « 7.5 Hz, 

I H). 7.48 (d, J = 7.9 Hz, 1 H). 7.23 (dd. J = 7.8, AS Hz, 1 H), 3.63 (t, J = 5.0 Hz, 2 H), 
3.56 (t, J = 4.9 Hz. 2 H). 3.36 (t, J - 6.3 Hz, 2 H). 2.51 (m. 2H), 2.12 (t, J = 7.7 Hz, 2 H). 
1.73 (pcntct, J - 7.4 Hz. 2 H), 1.45 (pentct, J = 7.7 Hz. 2 H), 1.12 (m, 2 H), 0.68 (t, J = 7.4 

25 HZ.3H); 

MS(CI)m/e430(M + H). 
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PartB 

2-ButyW-[2<3-pyridm-3-ylpropoxy)ethyl]-6/f-nnidazo[4,5-^^ 
fljquinoline (L98 g, 4.61 ininol) was treated following the general procedure described in 
Example 35. Recrystallization from isopropyl alcohol gave 1.09 g of 2-butyl-l-[2-{3- 

5 pyridin-3-ylpropoxy)ethyl]-l/f-imidazo[4,5-c]quinolinc-4-amine as a beige solid. 

NMR (300 MHz, DMSO-d^) 6 8.33 (d, J = 4.3 Hz, 1 H), 8.24 (s, 1 H), 8.08 (d, J « 8.7 
Hz. 1 H). 7.61 (4 J = 8.0 Hz, 1 H), 7.41 (t, J « 7.7 Hz. 1 H). 7,30 - 7.20 (m. 2 H), 7.15 
(dd, J « 7.4. 4.8 Hz, 1 H). 6.44 (bs, 2 10. 4.74 (t, J = 5.4 Hz. 2 H). 3.82 (t. J - 5.3 Hz, 2 H), 
3.27 (t, J = 5.9 Hz, 2 H), 2.97 (t. J 7.4 Hz. 2 H), 2.41 ft J « 7.5 Hz. 2 H). 1.84 (pcntet J 

10 =7.4 Hz,2H),1.64(pentet.J = 7.2Hz,2H),1.46(m,2H), 0.95 (t,J«7.3Hz,3H); 
MS(CI)m/e404(M + H); 

Anal calcd for C24H29N5O: C, 71.44; H, 724; N, 17.36. Found: C, 71.23; H, 6.98; N, 
17.05. 



15 

Example 36 

2-(2-Methoxye%l)-l-[2-<3-pyridin-3-ylpropoxy)c<^ 
imidazo[4,5-c]qumolm-4-anune 




20 

PaitA 

Under a nitrogen atmosphere, N5-[2-{3-pyridin-3-ylpropoxy)ethyl]tetraazolo[l,5- 
25 a]quinoline>4,5-diamine (2.48 g, 6.82 mmol), 1,2-^chloroethane (30 ml), and 

trietfaylamine (1.14 ml, 8.2 mmol) were combined and the resulting solution was chilled in 
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an ice water bath- 3-mcthoxypropionyl chloride (0.92 g, 7.5 mmol) was added dropwise 
to the solution. The cooling bath was removed and the reaction was stiired for an 
additional 1 8 hours. The solution was quenched by Ae addition of water (30 ml). The 
phases were separated and tiie aqueous phase was extracted with dichloromethane (2 x 15 
5 ml). The combined organic fractions were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield 3.16 g of an orange synip. LCMS analysis of the crude 
product showed a mixture of mono- and di-acylated product The material was used 
without furdier purification. 
PartB 

10 Under a nitrogen atmosphere, the product from part A (3.16 g)» toluene (40 ml), 

and pyridine hydrochloride (50 mg, 0.4 mmol) were combined and the resulting mixture 
was heated at reflux temperature for 4 hours. The volatiles were collected in a Dean-Staik 
trap. The reaction was cooled to. ambient temperature and then diluted with water (30 ml). 
The phases were separated and fbe aqueous phase was extracted with dichloromethane (3 

15 X 20 ml). The combmed organic extracts were washed with brine (20 ml), dried (Na2S04), 
filtered and concentrated to yield an orange foam. The material was purified by column 
chromatography (silica gel, 99:1 CHQaiMeOH gradient to 9:1) and then reciystallized 
from 2-propanol to yield 0.35 g of 5-(2-methoxyethyl)-6-I2-(3-pyridin-3- 
ylpiDpoxy)ethyl]-6/r-imidazo[4,5-c]tetraazolo[l,5-a]quinoline as a beige solid. 

20 Parte 

5-(2-methoxyethyl)-6.-[2•<3i)yridm-3-ylp^opoxy)cfhyl]-6/^^n^ 
c]tetraa2olo[l,5-a]quinoline (0.35 g, 0.80 mmol) was treated with triphenylphosphine 
(0.28 g, 1.20 mmol) using the general procedure described m Part B of example 35. The 
crude product was crystallized from ether to yield 90 mg of 2-(2-methoxyethyl>l-[2-(3- 
25 pyridin-3-ylpropoxy)cthyl]-l/r-imidazo[4,5H:lquinolin-4-anune as off-white crystals. 

'H NMR (300 MHz, CDQj) 5 8.39 (ddi J = 4.8. 1.5 Hz, 1 H). 833 (d, J * 1.8 Hz, 1 H), 
7.94 (d, J = 7.4 Hz, 1 H). 7.83 (d, J - 8.3 Hz. 1 H), 7.52-7,47 (m. 1 H), 732-7.21 (m. 2 H). 
7.09 (dd, J = 7.0, 4.8 Hz, 1 H). 5.59 (bs. 2 H), 4.74 (t, J - 5.4 Hz, 2 H). 3.90 (t, J « 6.6 Hz, 
2H). 3,87 (t,J = 5.4Hz,2H). 3.38 (3,3 H), 333 (t.J = 6.1 H2,2H), 3.28 (t, 1=6.6 Hz,2 

30 H). 2.51 (t, J = 7.4 Hz. 2 H), 1.81-1.71 (m. 2 H); 

'^C NMR (75 MHz, CDQj) 5 152.4, 151.6, 150.2. 147.8, 145.2, 137.1, 136.2, 133.7, 
127.7, 127.4. 123.6, 122.5, 120.0. 115.9. 712, 70.6. 69.6, 59.4, 46.1. 31.1. 29.6, 28.7; 
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MS(CI) m/e 406.2242 calcd for (406.2243 C23H2a^502.M+H). 



Example 37 

5 2-methyl-l-[2-(3-pyridin-3-ylpropoxy)ethyl]-6,7,8,9-tetra^ 

c]quiiiolin-4-ainiiie 




10 

Part A 

A 200 mL round bottom flask was charged witb 3-nitro-5,6,7,8- 
tetFahydxoqumoliiie-2,4-diol (10 g, 0.048 mol.) and phosphorous oxychloride (100 mL, 
1 .07 mol, 22 equivalents). The reaction mixture was heated to 80°C and mamtained, with 

15 stirring for six hours. The reaction was quenched by slowly adding the reactiQii mixture to 
water (1500 mL). The reaction mixture was extracted wi& dichloromelhane (4 x 100 
mL). The dichloromethane ftactions were combined, dried over magnesium sulfete and 
concentrated to provide 2,4-dichloro-3-mtro-5,6,7,8-tetrahydroquinoline as a tan solid 
(10.6 g, 91%). m.p. 63-64^, ILC (10% MeOH/CH2CL2, RfH).84). 

20 PartB 

A 200 ml round bottom flask was charged with 2,4-dichloro-3-mtro-5,6»7,8- 
tetzahydroquinoUne (10 g» 0.04 mol)> triefliylaminc (6.1g, 0.06 mol, 1 .5 equivalents) and 
anfaydious NJN-dimethylformamide (100 mL). To this solution was added 2-<3-pyridin-3- 
ylpropoxy)eti)anamin0 (7.3 g, 0.04 mol). The reaction mixture was heated to 55% and 
25 maintained overnight witfi stirring. Thereaction was quenched by pouring into water 
(1000 mL). The reaction mixture was then extracted wi& a 1:1 solution of hexane/ethyl 
acetate (4 x 200 mL). The organics were combined, washed with brine (300 mL) and 
concentrated to provide 2-chloro-3-nitro-iV-[2-(3-pyridin-3-ylpropoxy)ethyl]-5,6,7,8- 
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tetrahydroquinoliB-4-amine as an orange syrup (14.8 g, 94%). TLC(10% 

MeOH/CH2CL2, Rm).84). 

Parte 

A 200 inL round bottom flask was charged with 60% sodium hydride (2.5 g. 0.06 

5 mol, 1 .7 equivalents) and washed wiA hexane (50 mL). A solution of phenol (5.7 g, 0.06 
mol, 1.6 equivalents) in diglyme (25 mL) was then slowly added to the sodium hydride. 
The reaction was maintained with stirring at room temperature for 1 .5 hours. To Ae 
phenol anion solution was slowly added a solution of 2-chloro-3-nitro-M[2-(3-pyTidin-3- 
ylpropoxy)ethyl]-5,6.7,8-tetrahydroquinolin-4-amine (14.8 g, 0.04 mol) in diglyme (25 

10 mL). The stirred reaction mixture was heated to 60**C and maintained ovemig|it The 

reaction was quenched by pouring onto ice (1000 mL). The product oiled out of solution. 
The mixture was extracted with dicUoromethane (4 xl 00 mL). The combined extracts 
were concentrated to dryness. The residue was taken up in 1:1 hexane/efliyl acetate (250 
mL) and washed with water p x 50 mL). The organic layer was concentrated to dryness. 

15 Tbe residue was found to contain excess phenol. The phenol was removed by taking the 
residue up in diethyl ether (500 mL) and stirring over 10% sodium hydroxide (250 mL) 
overnight The layers were separated. The ether layer was concentrated to provide 3- 
nitro-2-phenoxy-iV^[2-(3-pyridin-3-ylpropoxy)ethyll-5^7.8-tetrahyto^ 
as a pale orange syrup (12.0 g, 71%). TLCK10% MeOH/CH2C12, Rf=0.58). 

20 PartD 

A 500 mL Parr bottle was charged with a solution of 3-nitro-2-phcnoxy-A^[2-(3- 
pyridm-3-ylpropoxy)etfiyl]-5,6J,8-tBtrahydroquinolin-4-amine in toluene (150 mL) and 
5% Pt/C catalyst (1.1 g), placed on Pan apparatus and charged with hydrogen (-54 psi, 3.8 
Kg/cm*). The reaction was allowed to shake for 4 hours, at which time die reaction was 

25 monitored by HPLC. The reaction was not complete. An additional 1 .0 g 5% Pt/C 
catalyst was added to the Pan bottle, it was recharged wiA hydrogen and shaken 
overnight The reaction was then conq)lete. The mixture was filtered through Cclite and 
washed with toluene (500 mL). Tlie filtrate was concentrated to provide 2-phenoxy-iV*-[2- 
(3-pyridin-3-ylpiopoxy)e%l]-5,6,7,8-tetrahydroquinolincO,4-^^ as a yellow syrup 

30 (8.2 g, 74%). TLC (10% MeOH/CH2C12, M=0.48). Mass-spec M+l==4192 
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PartE 

A 200 ml round bottom flask was cliargpd with 2-phenoxy-^-[2-(3-pyridin-3- 
ylpropoxy)ethyl]-5,6,7,8-tetrahydroquinoline-3,4-diarainc (4.1 g, 0,0098 mol.) and 
pyridine (40 mL) at room temperature. To this solution was slowl>r added acetyl chloride 

5 (0.8 g, 0.01 1 mol., 1.1 equivalents). The reaction was maintained with stirring at room 
temperature. After two hours the reaction was monitored and found to only contain the 
amide intermediate. The reaction mixture was then heated to reflux and maintained 
ovemight The reaction mixture was concentrated to provide a dark amber syrup. The 
symp was taken up in efl^l acetate 000 mL) and washed wi& water (2 X 100 mL). The 

10 ethyl acetate layer was concentrated to provide 2-methyl-4-pheiioxy-I-[2-(3-pyridinr3- 
ylpro^)oxy)ethyl]-^ J,8,9-tetrahydr<>-li/-iinidazo[4^-<:]quinol^ as an orange syrup (3.8 
g,88%). TLC(10%MeOH/CH2C12,R^34). Mass-q)cc M+l==443.2 
PartF 

A 200 ml round bottom flask was charged with 2-methyl-4-phenoxy-l-[2-(3- 

15 pyTidm-3-ylpropoxy)ethyl]-6,7,8,9-tetrahydro-l/r-imidazo[4,5-c]quinoline (3.7 g, 0.0084 
mol.) and ammonium acetate (37 g, 0.48 mol, 57 equivalents) and then heated to 150*C. 
Wiftin 20 mmutes the reaction mixture was homogeneous. The reaction mixture was 
maintained with stirring at 150"C ovemight The reacticm was mcmitored after 24 hours 
and found to be incomplete. The reaction mixture was maintained over the weekend. The 

20 reaction mixture was cooled and then taken up m IN HCl (250 mL) and washed with 
diethyl ether (200 mL). The aqueous layer was then adjusted to pHl 1 with sodium 
hydroxide and extracted with dichloromethane (3 x 100 mL). The combined organics 
were concentrated to provide an orange synip. The syrup was purified by column 
chromatography (10% MeOH/CH2C12). The appropriate firactions were combined and 

25 concentrated to provide a pale orange syrup. The synip was found to be a mixture of die 
desired product and N^acetylated product The mixture was treated with refluxing IN HCl 
for 1 hour. The mixture was cooled» adjusted to pH 1 1 and tiien extracted with 
dichloromethane. The organics were concentrated to dryness. The residue was purified by 
column chromatography to provide 2-methyl-l-[2-(3-pyridin-3-ylpropoxy)ethyl]-6,7,8,9- 

30 tetrahydro-li/-imida2o[4,5-c]quinolin-4-amine as a pale gold solid (0.07 g, 2%). TLC 
(10%MeOH/CH2C12M=0.05). m.p. MO-Ml'X:. 
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CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro himian blood ceD system is used to assess cytokiiie mduction^ Activity 
is based on the measurement of interferon and tumor necrosis factor (a) (IFN and TNF, 
5 respectively) secreted into culture media as described by Testerman et. al. In "Cytokine 
Induction by ttie Immunomodulators Imiquimod and 8-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 
Blood Cell Preparation for Culture 

Whole blood from healdiy human donors is collected by venipuncture into EDTA 
10 vacutainer tubes. Peripheral blood mononuclear cells (PBMCs) axe separated j&om whole 
blood by density gradient centrifugation using Histopaque^l077. The PBMCs are 
washed twice with Hank's Balanced Salts Sohition and then are suspended at 3-4 x 10^ 
cells/mL in RPMI complete. The PBMC suspension is added to 48 well flat bottom sterile 
tissue culture plates (Costar, Cambridge, MA or Becton Dickinson Labware, Lincoln Park, 
1 5 NJ) containing an equal volume of RPMI complete media containing test compound. 
Compound Preparation 

The compounds are solubilizcd in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells 
20 Incubation 

The solution of test compound is added at 60 (iM to the first well containing RPMI 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wcUs in an equal volume, bringing the test compound concentrations to the 
desired range (0.12 to 30 pM). The final concentration of PBMC suspension is 1.5-2 X 
25 10* cells/mL. The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 37^C in a 5% caibon dioxide atmosphere. 
Separation 

Following incubation the plates are centrifiiged for 5-10 minutes at 1000 rpm 
(-200 x g) at 4"^. The cell-fi«ecultuie supernatant is removed with a sterile 
30 polypropylene pipet and transferred to sterile polypropylene tubes. Samples are 

maintained at -30 to -70**C until analysis. The samples are analyzed for interferon (a) and 
for tumor necrosis fictor (a) by ELISA. 
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Interferon (a) and Tumor Necrosis Factor (a^ Analysis b v ELISA 

Interferon (a) concentration is determined by EIISA using a Human Multi-Species 
kit ftom PEL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pg/imL. 

5 Tumor necrosis factor (a) (TNF)concentration is determined using ELISA kits 

available from Genzyme, Cambridge, MA; Ri&D Systems, Mimieapolis, MN; or 
Pbaimingen, San Diego, C A. Results are expressed in pg/mL. 

The table below lists &e lowest concentration found to induce interferon and die 
10 lowest concentration found to induce tumor necrosis fector for each compound. A 
indicates that no induction was seen at any of the tested concentrations; generally the 
highest tested concentration was 10 or 30 (iM. 



Cytokme Induction in Human ObIIs 


Example 


Lowest Effective Concentration OiM) 


Number 


Interferon 


Tumor Necrosis Factor 


I 


0.12 


333 


2 


037 


10 


3 


0.04 


* 


4 


333 


« 


5 


0.04 


037 


6 


0.12 


Ml 


7 


037 


* 


8 


0.04 


0.12 


9 


0.12 


333 


10 


1.11 


1.11 


11 


l.ll 


0.04 


12 


1.11 




13 


0.37 


1.11 


14 


0.12 


0.37 


15 


1.11 

. — 


333 
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Cytokine Induction in Human Cells 


Example 


Lowest Effective Concentration (fiM) 


Number 


Interfeion 


Tumor Necrosis Factor 


16 


333 


10 


17 


031 


0.37 


18 


0.37 


10 


19 


0.12 


3.33 


20 


0.12 


3.33 


21 


1.11 


10 


22 


1.11 


10 


23 


1.11 




24 


0 




25 


10 


* 


26 


1.11 




27 


1.11 




29 


1.11 


0 


30 


0.37 


3.33 


31 


3.33 


3.33 


32 


0.01 


1.11 


33 


0.04 


0.12 


34 


0.01 


0.04 


35 


0.01 


0.12 
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WHAT IS CLAIMED IS: 

1 . A compound of the fonnula (T): 



5 



10 




X-O-Ri 

(0 

wherein: X is -CHR^-, -CHRralkyl-, or -CHRs-alkenyl-; 
Ri is selected &om the group cQ^isisting of : 
-bcteroaiyl; 
-heterocyclyl; 
1 5 -Rp- heteroaiyl; and 

-I^-heterocyclyl; 
R2 is selected fiom the group consisting of: 
-hydiogen^ 
-alkyl; 

20 -alkenyl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
25 -alkyl-Y-alkenyl; 

^iliyl-y-aiyl; and 

- aD^l or alkenyl substitated by one or more substitaents selected 
fiom tibe group consisting of: 
-OH; 

30 -halogen; 
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-N(R3)2; 
-CO.N(R3)2; 
-CO-Ci-ioalkyl; 
-CO-0-CMoalkyl; 
5 -N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl; and 
10 -CO-hcteroaiyl; 



20 



i ^ ft Hfyl or alkenyl, which may be intemipted by one or more 



each R3 is independentiy H or Ci.to dIkyU 
15 each Vis independently -O- or -S(0)o-2-; 

nisO to4; and 

each R present is independently selected from the group consisting of Cmo 
alkyl, C|.io aDcoxy, hydroxy, halogen and tiifluoTomethyl; 
or a phannaceutically acceptable salt tiiereo£ 



A compound or salt of claim 1 wherein R| is -(CHi)o^r^etcroaiyl. 



3. A compound or salt of claim 2 wherein the heteroaryl is selected from the group 
consisting of 2-pyridyl, 3-pyridyl, 4.pyridyl, 2-Aiazolyl, Z-pyrimidinyl, 4-pyrimidinyl, 4- 
triazolyU 2-benzofriranyi, 2-indolyl, 3-carbazolyl, 2-finranyU 4-isoqiiinolinyl, 4-isoxazolyU 
and 4-pyrazolyl 

4. A compound or salt of claim 1 wherein X is -CH(alkylXaIkyl)- wherein the alkyl 
groups can be tb& same ot different 

5. A compound or salt of claim I ^creinXis-CHj-CHx- 
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6. A compound or salt of claim 1 wlierein X is -CH(C2Hs)(CH^. 

7. A compound or salt of claim 1 wherein Ri is H. 

8. A compound or salt of claim 1 wherein R2 is alkyl. 

9. A compound or salt of claim 1 wherein Ri is -alkyl-O-alkyl. 

10. A compound of die formula (II) 




whereni: X ifl -CHR3-> <MR3-aIkyl-, or -CHRj-alkenyls 

Rio is selected from the group consisting of heteroaryl and heterocyclyl; . 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyU 
-alkenyl; 

20 -aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkyl-Y-alkyl; 

-alkyl-Y-alkenyl; 
25 -aDcyl-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected 

from the group consisting of: 
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-OH; 
-halogen; 
-N(R3)2; 
-CO-N(R3)2; 

5 -CO-C|,|o alkyl; 

-CO-O-Cwoalkyi; 

-N3; 

-aiyl; 

-heteroaryl; 

10 -heterocyclyl; 

-COaiyUand 
-CX^lieteioai}^; 

a is 0 to 4; 

each Ra is independently H or Cmo alkyl; 
15 eachYisindcpendcntiy-0-or-S(0)o-2Sand 

each R present is independently selected from &e group consisting of Cmq 
alkyU Cuio alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

20 11. A compound or salt of claim 1 0 wherein Rio is selected from 4ie group consisting 
of heteroaiyl and substituted heteroaryl. 

12. A compound of claim 1 1 wherein the heteroaryl is selected from the group 
consisting of 2-pyridyl, 3-pyridiyl, 4-pyridyl, 2-thiazolyl, 4-pyrazolyl, 3-furanyl, 2-fliienyU 

25 and 2-pyrimidinyL 

13. A compoond or salt of claim 10 wherein X is -CH(a]k3d)(a]ky]H wherein the 
alkyl groups can be the same or different 

30 14. A compound or salt of ckim 10 wherein X is -CHr-CHr*. 

15. A compound or salt of claim 10 wherem X is -CH(C2H5)(CH2)-. 
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5 



16. A compound or salt of claim 10 wherein R2 is H, alkyl, or alkyl-O-aDcyl. 

17. A compound selected torn the group consisting ot 



l-(2-{[3-(isoquinolin-4-yl)-2-propynyl]oxy}ethyl)-l/f-imidazo[4,5^^ 
amine; 

l<2-{[3-(13-thiazol-2-yl>2-propynyl]oxy}e%l)-l/r-imidazo[4,5-^^ 
amine; 

10 l-{2-[3-{l/M-pyTazolyl)propoxy]ethyl}-l/r-imidazo[4,5-c]quinolm 
l-[2-(3-pyrimidin-2-ylpropoxy)e%ll-lH-imidazo[4^-c]q[uino^^ 
l-[2-(3-pyridinH*-ylpiopoxy)ctfayl>lH-imida2o[4,5H:]quinol^^ 
1 -[2<3-pyridin-2-ylpropoxy)cthyll-li/-imidazo[4,5H:]quinolin-4^ 
l-{243-(l,3-^azol-2-yl)piopoxy]ctiiyl}-lif-inu 

15 1 -[2-(3-pyndin-3-y!propoxy)e%I]-l/f-imidazo[4,5-c]quinolin-4-a^ 

142-{3-pyriniidin-5-ylpropoxy)ethyl]-lJy'-imidazo[4^-c]qu^ 
l-{2-[(l-benzyl-l/f-lA3-triazol-4-yl)methoxy]etlQrl}-li^ 
c]quinoline-4-amine; 

l-{2-[(l-bcnzyl-l/f-lA3-tria2ol-5-yI)methoxy]e11iyl}-l/f-imidazo[4^^ 

20 c]quinoline-4-amine; 

l-[2-({l-[(phenylsulfanyl)mcthyl>l/f-lA3-tria2ol-4-yl}m 
imida2o[4,5-<:]quinoline-4-amine; 

l.[2K{l-[(pWM^yl)methyl>lH-i;23-tria2ol-5-yl}meti^ 
imidazo[4,5-c]quinoline-4-amine; 

25 l-[2-(ben2»[b]lurra-2-ylmethoxy)ethyl]-lH-imidazo[4,5-c]q^^ 

l-[2-(pyridin-3-ylmedioxy)cthyl]-l^-imidazo[4,5-c]quinolin-4-amm 
l-[2-(pyridin-2-ylmethoxy)c%l]4/f"inuda2o(4^-c]quinolin-^ 
l-t2-(pyridin'4-ylmcAoxy)e%l]4if-iimdazo[4^-c]quinolm 
l-{2^(3.5-dimcthylisoxazol-4-yl)melboxyle0iyl}-l^-imidazoK 

30 amine; 

l-(2-{[3-(pyrimidin-2-yl)-2-propynylloxy}ethyl)-lH-inu 

amine; 
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H2-{[3-(pyrid-4-yl>2-propynyl]oxy}e%I)-l/f-iinidazo[4,^^^ 
H2-{[3-(fur-3-yl>2-piDpynyl]oxy}e%l)-lH-iinidazo[4,5-^^^ 
4.(3-[2-(4-anuno-lH-iimdazo[4,5-c]quinolm-lTyl)^^ 
tiiiophen-2-ylcafboxaldehyde; 
5 1^2-{[3-(pyrid-2-yl)-2-propynylloxy}e%l)-lH-iinidazo[4,5-c]quinolin 
1- {2-methyl-l-[(pyrid-2-yloxy)methyl]propyl} -lif-iinidazo^^ 
amine; 

1 - { 1 -[(pyrid-2-yloxy)methyl]propyl) 4H-iinidazo[4,5H:]qumoline-4-ainine; 
l-[2-(9if-K;arbazol-3-yloxy)propyl]-l/f-imida2o[4.5<]q^ 
10 i-{2-[(3-thicn"2-ylprop-2-ynyl)oxy]cthyl}-lJy-im 

l.{2-[(l-me%14H-mdol-2-yl)me1hoxy]e%l}-lH-m^ 
amine; 

1- t2-{3-thicn-2-ylpropoxy)cthyl]-l/^imida2o[4,5-c]quinolm 

2- methyl-l-[2-(3-pyridin-3-ylpTopoxy)cAyl]-l//-imidazo[4,5-c]qum 
15 2-buty^^-[2-(3-pyridmO-ylp^opoxy)ethyl]-l/^imidi^ 

l-[2Ktetrahydrofuran-2-ylmethoxy)propyl]-lJ^-imidazo 

l-{24(5K;hloio-l-ben2othicn-3-yI)methoxy]propyl}-lH-W 

amine; 

1- {2.[{3-mtropyridin-2-yl)oxylpropyl}-l/f-imidaw 

20 1^2-mc%l-l-{[(3-nitropyridin-2-yl)oxylmethyl}piopyI>l/^imidazo[^^^^ 

c]quinoliD-4-amine; 

Kl-{[(5-cWoro-l-benzothicn-3-yl)methoxyJme%I}-2-methylprop 
imidazo[4,5-c]quinolin-4-amme; 

2- (2-methoxyctiiyl)-l-[2-<3-pyridm-3-ylpropoxy)ethyI]-l^-imidazo[^ 

25 c]qtiinolin-4-aziiine; and 

2-mctfiyI-l-[2-(3-pyridin.3-yIpropoxy)ctfaylHJ,8,9-te 
c]quinolin-4-an]ine; 



or a pbannaceutically acceptable salt thereof. 



30 
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1 8. A compound of the fonnula (HI) 




wherein: X is -CHRa-, -CHRj-alkyl-, or-CHRs-alkeiqrl.; 

Ri is selected from llie group consistmg o£ 

-hcteroaiyl; 

-hetciocyclyl; 

■ ... I ■ 
10 * -Rr-heteroaiyUand 

-R4-heterocyclyl; 

Ri is selected from ibc group consistmg of. 

-hydiogen; 

-aDcyl; 

15 nalkenyl; 

-heteroaryl; 
-beterocyclyl; 
-aDcyl-Y-alkyl; 
20 -alkyl-Y-alkcnyl; 

-alkyl-Y-aiyi; and 

- aUcyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 
-OH; 

25 -halogen; 

-N(R,)2; 
-CO.N(R3)2; 
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25 



-CO-Ci-io aDcyl; 
-CO-O-Cmo alkyl; 
-N3; 
-atyl; 

5 -heteroaiyi; 

-heterocyclyl; 
-COaiyl; and 
-CO-hcteroaiyl; 

R4 is alkyl or alkenyl, wbich may be intBirupted by one or more - 
10 groups; 

each R3 is independently H or Cmo alkyl; 
each Y is independently -O- or -8(0)0-2-; 
n is 0 to 4; and 

each R present is independently selected fiom.the group consisting of Cmo 
15 alkyl, Cmo aflcoxy, hydroxy, halogen and trifluoromethyl; 

or a phannaceutically acceptable salt thereof. 

19. A compound or salt of claim 18 wherein R2 is H or alkyl. 

20 20. A compound or salt of claim 1 8 wherein R2 is -alkyl-O-alkyi. 

21. A compound of the fonnula (IV): 
NH2 

N 

X-0— (CHUnff— C^CRio 




(W) 



wheiein: X is -CHR3-, -CHRs-allgrl-, or -CHRj-alkonyl-; 

Rjo is selected from die groiq> coosistiBg of beteioaiyl and heterocyclyl; 
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R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-hetexoaiyl; 
-heterocyclyl; 
•alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

- alkyl or alkeoyl substituted by one or more substituents selected 
from tiie group consisting of: 
-OH; 

-halogen; . ... 

-N(R3)2; 

-C0-N(R3)i; 

-CO-Ci-10 alkyl; 

-CO-OCmo alkyl; 

-N3; 

-axyl; 

-heteroaryl; 

-heterocyclyl; 

-CO-aryl; and 

-CO-heteroaryl; 
each K3 is independently H or Ci-io allcyl; 
each Y is independently -O- or -8(0)0-2-; 
Bi8 0to4;and 

each R present is independently selected from the group consisting of Cmo 
aB^l, C|.io alkoxy, hydroxy, halogen and trifluoromediyl; 
or a pharmaceutically acceptable salt thereof. 
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22. A phannaceutical composition comprisiag a therapeutically effective amount of a 
compound or salt of claim 1 and a phaimaceutically acceptable carrier. 

23. A pharmaceutical composition comprising a therapeutically effective amount of a 
5 compound or salt of claim 10 and a phaimaceutically acceptable carrier. 

24. A pharmaceutical composition comprising a therapeutically effective amount of a 
comx)ound or salt of claim 17 and a phaimaceutically acceptable carrier. 

10 25. A method of inducing cytokine biosynthesis in an animal comprising administering 
a therapeutically effective amount of a compound or salt of claim 1 to the animal. 

26. The method of claim 25 wherein the cytokine is IFN-o. 

15 27. " A method of inducing cytokine biosynthesis in an animal comprising adnunisteiing 
a therapeutically effective amount of a compound or salt of claim 10 to the animaL 

28. The method of claim 27 wherein flie cytokine is m^-OL 

20 29. A method oftreating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal. 

30. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 1 to the animal. 

25 

31. A method oftreating a viral disease in an animal comprising administering a 
therapeutically effective amount of a conqwund or salt of claim 1 0 to the animal. 

32. A method of treating a neoplastic disease in an animal comprising administering a 
30 fiieiapeutically effective amount of a compound or salt of claim 10 to tiie animal 
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33. A method of inducing cytokine biosynthesis in an animal comprising administering 
a theraputically effective amount of a compound or salt of claim 17 to the animal. 

34. The method of claim 33 wherein the cytokine is IFN-a. 

5 

35. A method of treating a viral disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of ckdm 17 to the animal. 

36. A method of treating a neoplastic disease in an animal comprising administering a 
10 therapeutically efifective amount of a compound or salt of claim 1 7 to the animal. 

37. A compound of the formula (V): 





X-O-Ri 



15 



(V) 



wherein: 



X is -CHR3-, -CHRrafflyK or-CHRa-alkcnyl-; 
Ri is selected from the group consisting of: 



20 



-heteroaryl; 
-hcterocyclyl; 
-R4- heteroaryl; 
-Rc-heterocyclyl; and 



-{CH2)i-MrC^-Rio; 
R2 is selected torn the group consisting of: 



25 



-hydrogen; 
-alkyl; 
-alkenyl; 
-aiyl; 
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-heteroaryl; 
-hcterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkcnyU 
5 -alkyl-Y-aryl; and . 

' alkyl or alkenyl substituted by one or mote substituents selected 
from the group consistmg of: 
-OH; 
-halogen; 

10 -N(R3)2; 

-CO-N(R3)2; 
-COCmo alkyl; 
-CO-O-CMoalkyl; 

15 -aiyl; 

-heteroaryl; 
-hcteiocyclyl; 
-CO-aiyUand 
-CO-hetcroaiyl; 

20 

Ri is allgyl or alkenyl, which may be intemipted by one or more -O- 
gcoitps; 

each Ra is independently H or Cmo BSkyl; 
Rio is heteroaiyl or heterocyclyl; 
25 each Y is independently -O- or -S{0)o.2S 

tt is 0 to 4; and 

each R present is independently selected fiom the group consisting of C|.io 
al^l, C|.io alkoxy, hydroxy, halog^ and tiifhioiomethyl; 
or a phaimaceuticaUy acceptable salt tfiereof . 

30 
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5 wherein: Xis-CHRa-, -CHRs-alkyI-, or-CHRralkenyl-; 

R] is selected from the group consisting of: 

-heteroaiyl; 

-Iwterocyclyl; 

-R4^heticioaiyl; 
10 -Rc-hcterocyclyl; and 

-(CH2)i-icrC^-Rio; 
Ri is selected from the group consisting of: 

-hydrogen; 

-aOcyl; 

15 -alkenyl; 

-aiyt 

-heteroaiyl; 
-heteiocyclyl; 
.aIkyl-Y-allcyl; 
20 -alkyl-Y- alkenyl; 

-alkyl-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of. 
-OH; 

25 -halogen; 
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-CON(R3)2; 

-CO-Ci-ioaIkyl; 

-CO-0-C|.ioaIkyl; 

5 -aryl; 

-beteroaxyl; 
-heterocyclyl; 
-CO-aiyl; and 
-CO-heteroaiyl; 

10 R4 is alkyl or alkenyl, which may be intenupted by one or more -O- 

groups; 

each R3 is independently H or Ci.io alkyl; 
Rio is heteroaiyl or heteiocyc]}4; 
each Y is independently -Or or -tS(P)o-2-; 
15 n is 0 to 4; and 

each R present is independently selected from the group consisting of Cmo 
alkyl, C|.io alkoxy, hydroxy, halogen and trifluoromethyl; 
ox a phaimaceutically acceptable salt 1iiereo£ 

20 39. A compound of the formula (Vm): 

N— (COORvh 




wherein: X is -CHR3-, -CHRa-alkyI-, or -CHRa-alkcnyls 
25 R| is selected from die group consisting of: 

-heteroaryl; 
-hetBTOcyclyl; 
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-R4- heteroaiyl; and 
-R4-4ieterocyclyl; 
Ri is selected from the group consisting of: 
-hydrogen; 

-aDcenyl; 
-aiyl; 

-hetsecoaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
-alkyl-Y-alkenyl; 
-alkyl-Y-aryl; and 

- aDcyl or alkenyl substituted by one or more substituents selected 
from the ^up consisting o£ . 

-halogen; 

-N(R3)2; 

-CO-N(R3)2; 

-CO-Ci.ioalkyl; 

-CO-O-Ci-io alkyl; 

-N3; 

-aiyl; 

-heteroaiyl; 
-heterocyclyl; 
-CO-aiyl;and 
-CO-heteroaryl; 

R4 is alley 1 or alkenyl, which may be interrupted by one or more ■ 
groups; 

each B3 is independently H or Cmo a^U 
each Y is independently -O- or -S(0)(Kr; 
iiis0to4; 
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each R present is independently selected from the group consisting of Ci.io 

alkyU Cmo alkoxy, hydroxy, halogen and trifluoromethyl; and 

Rt is tert-hutyl or benzyl; 

or a phannaceutically acceptable salt thereof. 

40. A compound of tbefoinm]a(IX) 




wherem: X is -CHR3-, -CHRa-aDcyl-, or -CHRs-alkcnyl-; 
Ri is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R4- heteroaiyl; and 

-R4-hetBiocyclyl; 
R2 is selected from dw group consisting of: 

-hydrogen; 

-aUcyl; 

-alkcnyl; 

-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-alkyl-Y-alkyl; 
•alkyl-Y-alkeiiyl; 
-alkyl-Y-aiyl; and 
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- alkyl or alkenyl substituted by one or more substituents selected 
from the group consisting of: 

-OH; 

-haloger^ 

5 -N(R3)2; 

-CO-N(R3)2; 
-CO-Cmo alkyl; 
-CO-O-Cmo alkyl; 
-N3; 

10 -aiyl; 

-heteroaiyl; 
-beterocyclyl; 
-CO-aiyl; and 
-CO-heteroaryl; . 

15 R4 is alk>1 or alkenyU which may be interrupted by one or more -O- 

gioups; 

each R3 is independently H or Cmo sXkyl; 
each Y is independently -O- or -5(0)o-2r; 
nis0to4; and 

20 each R present is independently selected from the group consisting of Cuo 

alkyl, Cmo alkoxy, hydroxy, halogen and trifluoromethyl; 
or a pharmaceutically acceptable salt thereof. 

41. A pharmaceutical conq)osition comprising a therapeutically effective amount of a 
25 compound or salt of clahn 18 and a pharmaceutically acceptable carrier. 

42. A method of inducing cytokine biosynthesis in an animal comprising administering 
a tfieiapeutically effective amount of a compound or salt of claim 18 to the animaL 

30 43. The method ofclaim 42 wherein the cytokine is EFN-CL 
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44. A method of treatmg a viral disease in an animal comprising administering a 
thexapeutically effective amount of a conqpound or salt of claim 1 8 to the animal 

45. A method of treating a neoplastic disease in an animal comprising administering a 
5 therapeutically effective amount of a compound or salt of claim 18 to theanimal 

46. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or salt of claim 21 and a phannaceutically acceptable carrier. 

10 47. A method of inducing cytokine biosynthesis in an animal comprising admintsteiing 
a tiieiapeutically effective amount of a compound or salt of claim 21 to the animal 

48. The method of claim 47 wherein the cytokine is.IFN-OL 



therapeutically effective amount of a compound or salt of claim 21 to the animal 

50. A method of treating a neoplastic disease in an animal comprising administering a 
therapeutically effective amount of a compound or salt of claim 21 to the animal 



15 49. A method of treating a vkal disease in an aninal comprising adniinistering a 



20 



51. A compound of die formula (Vn): 




(vn) 



25 



^idierem: 



ZisNHiorNOi; 

X is -CHR3-, -CHRa-alkyl-, or -CHRa-alkenyl-; 
Ri is selected from the group consisting o£ 



-heteroaryl; 



-heterocyclyl; 
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10 



-R4- heteroaiyl; and 

-R4-hcterocyclyl; 
R4 is alkyl or alkenyl. which may be interrupted by one or more -O- 
groups; 

each R3 is independently H or Ct.to aUcyl; 
n is 0 to 4; and 

each R present is independently selected from die group consisting of Cuo 
alkyl, Ci-io alkoxy, hydroxy, halogen and tiifluoromethyl; 
or a pharmaceutically acceptable salt diereof. 

52. A compound of the formuk(XLIV): 




(XLIV) 

1 5 wherein: X is -CHR3-, OOli-alkyl-, or -CHRj-alkenyl-; 

Ri is selected from tiie group consisting of: 

-heteroaiyl; 

-heterocyclyl; 

-Rr- heteroaiyl; and 
20 \^ -Rr-heterocyclyl; 

Rj is selwJted from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

25 -aO^t 

-heteroaiyl; 

-heteiocyclyi; 

.alkyl-Y-aUqrl; 
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-alkyl-Y-aDcenyl; 
-alkyl-Y-aiyl; and 

- aOcyl or aHcenyl substituted by one or mote substituents selected 
from ^ group consisting of: 
5 -OH; 

-halogen; 

-N(R3)2; 

^O.N(R3)2; 

-CO-Ci.io alkyl; 
10 -COO-Cmo alkyl; 

-N3; 

-aiyl; 

-heteioaiyl; 
-heterocyclyl; 

15 " -CO-aryUmid 

-COhctBroaiyl; 

R4 is alkyl or alkenyl, which may be interrupted by one or more -O- 
groups; 

each Ra is mdependentiy H or C|.io alkyl; 
20 each Y is independently -O- or -S(0)o-2S 

n is 0 to 4; and 

each R present is independently selected from die group consisting of Cmo 
alkyU Ci-io alkoxy, hydroxy, halogen and tiifluorometfayl; 
or a phitnnaiceutically acceptable salt ftereol 

25 
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